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PRE FACE 

On Janua ry 2 0 , 1 9 7 0 , the Nat i ona l P e t ro l eum Counc i l , an o f f i ­
c i a l ly e s t ab l i shed indu s t ry adv i s o ry b o ard  t o  the  Sec r e t ary o f  the 
Int e r i o r , wa s a s k e d  t o  und e r t ake a c omp r e hens ive s tudy of the 
Na t i on ' s  ene r gy out l o o k . Th i s  r e qu e s t  c ame from the As s i s t ant 
S e c r e t ary - M ine r al Re s ourc e s , Department o f  t h e  I nt e r i o r , who a s ked 
the C ounc i l  t o  p r o j e c t  the en e r gy out l o o k  in the  We s t e rn Hem i sphere  
int o  the  fu tur e  as  n e ar to  the end o f  the  c entury a s  f e a s ib l e , with  
par t i cu l a r  r e fe r ence  t o  the evaluat ion of  fu ture  t r ends  and  the i r  
imp l icat i ons  f o r  t h e  Un i t ed S t a t e s . 

I n  r e s p on s e  t o  th i s  r e que s t , the Na t i ona l P e t ro l eum C ounc i l 's 
Comm i t t e e  on U . S . Ene rgy Out l o ok was e s t ab l i sh e d , w i t h  a c o o rdinat ­
ing s ub c ommi t t e e , four s upp o r t ing s ub c ommi t t e e s  for o i l ,  g as , o t h e r  
ene rgy fo rms and gove rnment p o l icy , and 1 4  t a s k  group s . An organ i ­
z at i on chart app e a r s  as  App end ix B .  In Ju l y  1 9 7 1 , t h e  C ounc i l  
i s sued an int e r im repor t ent i t l ed u.s. En erg y OutZook: A n  In i ti aZ 
A pp rai saZ 19?1-1985 wh i ch , a l ong wi th a s s o c i a t ed t a s k  g r oup r e p o rt s ,  
p rov ided the  gr oundwor k  for  sub s e quent inv e s t i ga t i on o f  t h e  U . S .  
ene rgy s i tuat i on . 

C ont inu ing inv e s t i g a t i on by the Comm i t t e e  and c ompo n ent sub ­
comm i t t e e s  and t a s k  g roup s r e su l t ed in the  pub l i c a t i on in D e c emb e r  
1 9 7 2  o f  t h e  NPC's summary r eport , U.S. En e rg y  Ou tZook, a s  we l l  a s  
an exp and ed fu l l  r ep o r t  o f  t h e  Comm i t t e e . Ind iv i du a l  t a s k  g r oup 
r epor t s  have b e en p r e p ar e d  to inc lude m e t hodo l o gy , d a t a , i l lu s t r a ­
t i ons and compu t e r  p r o g r am d e s c r i p t ions fo r t he p a r t icul ar ar e a  
s tud i e d  by the  t a s k  group . Th i s  r e p o r t  i s  o n e  o f  t en s uch d e t a i l ed 
s tud i e s .  Other  fue l tas k g r oup rep o r t s  a r e  ava i l ab l e  a s  l i s t e d on 
the order  f o rm inc lud ed a t  the back  o f  th i s  vo l ume . 

The f ind ing s and re c ommendat i on s  o f  t h i s  r e p o r t  r ep r e s en t  the 
b e s t  j udgment of  the exp er t s  from t he ene r gy indus t r i e s . Howeve r , 
i t  shou ld  b e  no t ed tha t  t h e  p o l i t ic a l , e c onom i c , s o c i a l  and t ec h ­
no l o g i c a l  fac to r s  b e ar ing up on the l ong - t e rm U . S .  energy ou t l o ok 
are subj e c t  t o  sub s t ant i a l  chang e wit h the  p a s s a g e  o f  t ime . Thus 
future d evelopment s w i l l  undoub t ed l y  p rovide add i t ional ins i g h t s  
and amend the c onc lu s ions  t o  some d e g r e e . 
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I NTRODUC T I ON 

The Wat e r  Ava i l ab i l i ty Ta s k  Group was c r e a t e d  in  order  t o  de ­
termine whe ther s u f f i c i en t  wat er s upp l i e s  wo u l d  b e  ava i l ab l e  t o  
supp o r t  t h e  ene rgy p r o duc t i on p ro j e c t ions  p r o v i d e d  by t h e  fue l s up ­
ply  t a s k  group s  o f  the U . S .  Ene rgy Out l o o k  s tu d i e s . The energy 
produc t ion  p l ant s - - e l e c t r i c a l  powe r , o i l  s ha l e , synthe t i c  g a s  and 
synthe t i c  l i qu i ds - - wh i c h  the fue l supp ly t a s k  g roup s  p r o j e c t  to b e  
needed i n  the fu ture , w i l l  a l l  requ i r e  l ar g e  amoun t s  o f  w a t e r  f o r  
coo l ing or  p r o c e s s ing , o r  b o th . A c o a l  l i que fac t i on p l ant , fo r 
examp l e , requi res 5 . 3 barre l s  o f  wa t e r  for e ac h  barre l o f  o i l  p ro ­
duced . S ince  the mo s t  ec onomi c a l ly at tra c t i ve r e s ourc e s  are  l o c a t e d  
i n  t h e  we s t e rn s t at e s , t h i s  a r e a  i s  exp e c t e d  t o  be  s e l e c t e d  f o r  the 
bu l k  of fu ture ene rgy p r o duc t i on p l ant s . Unf o r tuna t e ly , much o f  
this  area  i s  a r i d , and wa t e r  ava i l ab i l i ty i s  a p o tent i a l  prob l em .  
There i s  s u f f i c i ent surface  wa t e r  in the overa l l  we s t e rn s t a t e s  area  
to s upp ly the ne eded  p l ant s , but  it  is  o ft en l o c a l l y i n s u ff i c i en t  
wi thin t h e  a r e a s  cont a i n i ng the c o a l  and o i l  s ha l e  r e s ourc e s . 
Mo reover , even i n  a r e a s  where s u f f i c i ent wa t e r  i s  phys i c a l ly ava i l ­
ab l e , l e ga l  re s t r i c t ions  and r i gh t s  o f  comp e t ing us e r s  may prec l ude 
i t s  us e in  ene rgy p r o duc t i on .  

I f  ava i l ab i l i ty o f  wa t e r  in suffi c i ent quantit i e s  i s  t o  b e  en ­
sured , three  pr imary r e qu i r ement s mus t b e  s a t i s f i e d: 

• The e ar l y  e s t ab l i s hment o f  a near b i l l i on do l l a r  p r o g ram o f  
dams and aqueduc t s  i n  o rder  t o  me e t  Ca s e  I p r o j e c t i on s * 

• The reconc i l i a t i on o f  d i sput e s  ove r wa t e r  r i g ht s and a l l o ­
c a t i ons 

• The p ro curement of l arge amoun t s  o f  c ap i t a l  for  p ro j e c t  
inve s tment s ,  t aking int o account the l ong l e a d  t ime s . 

Wh i l e  t he p r ima ry emp has i s  o f  th i s  rep o r t  i s  a imed  a t  the 
we s t ern s t a t e s  whe re mo s t  futur e energy deve l opment is exp e c t e d , 
other areas  o f  the Na t i on have been  inc lude d . 

* Four p r in c i p a l  supp ly cas e s  ( de s i gna t e d  I through I V )  we r e  
us ed i n  t h e  NP C ' s  U . S .  Ene rgy Out l o o k  s tudi e s . They c an b e  d e s c r ib e d  
genera l ly as  fo l l ows : 

• Cas e I e s t ima t e s  the p o s s i b l e  out c ome from a max imum e ffo r t  
to  deve l op dome s t i c fue l s o urces . 

• Cas e s  II and III are  int e rme d i ate c a s e s , w i t h  the  fo rmer  
having a h i gh e r  l eve l o f  deve l o pment of  dome s t i c ene rgy 
supp l i e s  than the l at t e r . 

• Ca s e  IV i s  the l owe s t  supp ly c a s e . 

1 



SUMMARY AND CONCLUS I ONS 

NAT I ONAL AND I NTE RSTATE I S SUES AFF E CT I NG WATE R  AVA I LAB I L I TY 

I f  the wat e r  supp l i e s  are t o  b e  avai l ab l e  when n e e d e d  to de ­
ve l op o the r ene rgy r e s ourc e s  a s  sub s t i tu t e s  f o r  p e t r o l e um ,  s eve r a l  
na t iona l and in t e r s t a t e  i s s u e s  mus t b e  r e s o l ved . 

• Na t i ona l p o l i c i e s  mus t  r e c o gn i z e  that  l ar g e  vo l ume s o f  
wat e r  are  requ i r e d  t o  conve r t  c o a l  and o i l  s h a l e into  us e ­
ab l e  e l e c t r i c i ty o r  synthe t i c  hydr o c arbon f o rm . 

• The Fede r a l  Gove rnment shou l d  t ake ac t i o n s  t o  e ncourage  
ene r gy r e s our c e  deve l o pment , inc l uding : (1 ) the c on s t ruc ­
tion o f  r e s e rvo i r s  and aqueduc t s  whe re  n e e d e d  t o  provide  
adequ a t e  wa t e r , ( 2 )  the  exp e d i t ion  of  the p r oc e s s ing o f  
eni ronment a l  imp a c t  s t a t ement s fo r app r o v a l  a s  requ i red 
by the Nat i on a l  Envi ronment a l  P o l icy  Ac t and ( 3 )  t h e  
p romu l g a t i on o f  r e a s onab l y  a t t a inab l e  e ff luent  s t andards 
and o th e r  env i ronment a l  p ro te c t i o n  r e gu l a t i on s  app l i c ab l e  
t o  co a l  and s ha l e  mining and p r o c e s s ing fac i l i t i e s . 

• Federa l , s ta t e  and i n t e r s ta t e  p o l i c i e s  r e l a t i ng wa t e r  ava i l ­
ab i l i ty t o  energy re s ourc e  deve l opmen t  ne e d  t o  b e  s ta b i l i z e d . 

• Na t i ona l ene rgy needs  mus t b e  we i ghed a g a i n s t p o t en t i a l  
environment a l  imp a c t  when any ac t i on i s  t o  b e  unde r t a ken 
by gove rnmen t a l  ag enc i e s  o r  indu s t ry . Such a c t i on s  mus t  
b e  t aken in ways t hat wi l l  no t c au s e  s ub s tant i a l  de t r imen t a l  
e f fe c t  on t h e  env i ronment . 

• Int e r s t a t e  wat e r  a l l o c a t i on compac t s  and s t a t e  wa t e r  r e ­
s ourc e aut ho r i t i e s  mus t  r e c o gn i z e  that  s o me future  ene rgy 
r e s ourc e deve l opme n t s  wi l l  r equi r e  r e a l l o ca t i on o f  wa t e r  
s upp l i e s  from o ther  u s e s , mo s t  l i ke ly  from a g r i cu l ture . 

West e rn S t a t e s  

Wa t e r  requ i r ement s a r e  b a s e d  o n  t h e  l eve l s  o f  ene rgy r e s ource 
deve l opment and un i t  wa t e r  needs  iden t i fi e d  by the Nat i ona l P e t ro l ­
eum Counc i l ' s  E l e c t r i c i ty Task Group , Co a l  Ta s k  Group and O i l Sha l e  
Ta sk  Group . 

An e s t imat e o f  the ava i l ab l e  s upp ly o f  wa t e r  f o r  indus t r i a l  
use  h a s  b e en c omp i l e d from s tud i e s  p rep ared  b y  fede r a l , s t at e  and 
pr iva t e  agenc i e s . Wh i l e  the re are d i f f e renc e s  o f  op i n i on among 
exp e rts , it  is  b e l ieved t ha t  thi s compo s i t e  e s t ima t e  is  r e a s onab ly 
accura t e . Howeve r , two l imi tations on t he r e l iab i l ity o f  wa t e r  
supply p roje c t i ons s hou l d  b e  r e c o gn i z e d : 

• Phys i c a l  ava i l ab i l t iy i s  e s t ima t ed from h i s t o ric al  r e c o rds , 
gene ra l l y o f  l im i t e d  t ime s p an and subj e c t  t o  l ong - and 
s ho r t - t e rm c l ima t e  t rends . 
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• Le g a l  av a i lab i l i ty i s  cont ro l l e d by a c o mp l e x  body o f  
wa t e r  l aw b a s e d  on int e r s tate  c omp a c t s ,  s t at ut e s  and c a s e  
law, and i s  s ub j e c t  to  individual  p ro p e rty r i ght s c r e a t e d  
under s t a t e  l aw .  

F o r  the c r i t i ca l  b a s ins  o f  t he Upp e r  Co l o rado Riv e r  and the 
Upp e r  Mi s s our i River , the Tas k Group c onclude s that  there w i l l  b e  
an adequ a t e  s upp ly o f  wa t e r  under p r e s ent a l l o c a t i o n s  t o  me e t  the 
requ i r emen t s  of  Cas e I ( and the l e s s e r r e qu i r emen t s  of  Ca s e s  I I - IV)  
in all  a r e a s  except  Ar i z on a  and  New Mex i c o . I n  the s e  two s t a t e s ,  the 
p r o j e c t e d  l e ve l  o f  en e r gy deve l opment wou l d  c r e a t e  a demand f o r  wa t e r  
sub s t ant i ally g r e at e r  than t he s upp ly allo c at e d  fo r t h i s a c t ivi ty i n  
the Upper Col orado Reg i on Compreh en si ve Framew ork Stu dy a t  t he 6 . 5 
mi l li o n  acre - fe e t  p e r  year l eve l t o  the year  2 0 0 0 . * 

The comb ined p ro j e c t e d  wat e r  requ i r emen t s  i n  Wyoming and Mon ­
tana ( fo r  a l l supply c a s e s )  in the 1 9 8 0 - 1 9 8 5  p e r i o d  r e qu i r e  the con ­
s t ruc t ion o f  maj o r  t ransmi s s i on fac i l i t i e s  fo r int e rb a s in wa t e r  
tran s f e r s  a s  we l l  a s  the c on s t ruc t ion o f  dams and p ip e l ine s t o  de ­
ve l op l o c a l  s upp l i e s . The U . S .  Bureau o f  Rec l ama t i on (USBR)  has  
s tudi e d  s evera l s ys t ems to t r ansp o r t  the wat e r  wh i c h  w i l l  be  n e e d e d  
i n  t h e  1 9 8 0 - 19 8 5  p e r io d .  They wi l l  c o s t  f r o m  $ 3 0 0  t o  $ 75 0  m i l l i on 
and wi l l  requ i r e  8 t o  1 0  years  f o r  p l ann ing and cons t ru c t i on . I n  
order to have t he wa t e r  ava i l a b l e when n e e d e d , the·o p t imum s y s t em 
s houl d be  i dent i f i e d  and the p r o j ect  moved fo rwa r d . Dams and p ip e ­
l ine s t o  deve lop  l o c a l  wa t e r  s ource s are  e s t ima t e d  t o  r e qu i r e  a t  
l e a s t a n  add i t i on a l  $ 1 0 0  m i l l i o n . 

Ar i z ona ' s  p ro j e c t e d  requ i r ement o f  6 2  thous and a c r e - fe e t  p e r  
year (MAF / Y )  exc e e d s  b y  8 0  p er c ent the p ro j e c t e d  s upp l y  a l l o c a t e d  
fo r e l e c t r i c  p ower ( t h e rma l )  generat i on . New Mex i c o ' s  Ca s e  I p r o ­
j e c t e d  r e qu i r ement o f  1 8 0  ��F/ Y  (requ i r ement i n  C a s e  I I /I I I  i s  
16 8 MAF/ Y  and i n  Cas e I V  i s  1 4 0  MAF/ Y )  exc e eds  b y  about 6 8  p e r c en t  
the amount t h e  s t a t e  ha s a l lo c a t e d  for  ene r gy a n d  mine r a l  deve l op ­
ment . The potent i a l  s ho r t age s in  energy p r o duc t i on c r e a t e d  by 
the s e  app arent wat e r  s upp ly l im i t a t i ons could b e  e l imina t e d  by one 
o r  mo re  of  the fo l l owing a l t e rnat ive s : 

• Trans fe r o f  wat e r  p r e s ent ly al l o c at e d  t o  o th e r  us e s . ( Th i s 
could  r e qu i r e  app rova l by Cong re s s ,  a s  we l l  a s  the s t a t e  
and wat e r  u s e r s , i f  wat e r  a l lo c a t ed  t o  I nd i an us e o r  fed ­
e r a l l y  author i z ed p r o j e c t s  were  invo l ve d )  

• I nt e r s t a t e  movement o f  minera l s  o r  wa t e r  

• S t r e am augme nt a t i on p r o grams , such a s  int e rb a s i n  d i v e r s i ons 
and weather mo d i f i c a t i on 

• Re a l l oc a t i o n  o f  p r o j e c t e d  p l ant s t o  s ta t e s  whe r e  wat e r  wo ul d 
b e  ava i l ab l e .  

* Upper Col orado Reg i on Compre h en si ve Framew ork S tu dy , App endix 
XVI I I - - Gene r a l  Program and Al t e rnat ives  (June 1 9 71 )- - he r e inaft e r  
r e f e r r e d  t o  a s  t h e  Upp e r  Co l o r ado Re g i on S tudy . 
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The s e  a l t e rna t iv e s  c ou l d  app ly to o the r p o tent i a l  wa t e r  supp ly 
l im i t a t i ons  a s  t hey ari s e  i n  o the r l o c a t i ons . 

The prob l em o f  wa t e r  qual i ty c an b e  exp e c t e d  t o  b e c ome mo re 
important in the a r i d  we s t e rn s t a t e s  as  p opul a t i on , indu s t r i a l i z a ­
t i on and ene rgy produc t i on c ont i nue t o  grow . As s uming r i gorous  
comp l i ance wi th p l ant and mun i c ip a l  e f fluent s t andards , prob l ems 
o f  s tr e am qua l i ty de t e r i o r a t i on may deve l o p  from d i ve r s i o n  of nat­
ura l fl ows whi c h  have hi s t o r i c a l ly d i l ut e d  the natural "po l l ut ant s " 
( from mine ral  s p r i ng s , agr i cul ture re turn fl ow , e t c . ) .  

Ea s t e rn Sta t e s  

No quant i t a t ive p r o j e c t i ons  have been made o f  energy - r e l a t e d  
growth i n  wa t e r  requ i r emen t s  i n  the e a s t e rn s ta t e s . Non e t he l e s s , 
the wa t e r  s upp ly s i tua t i on in the App a l a c h i an and I l l i no is c o a l  
p rov i nc e s  was c ons idered  . .  I t  w a s  conc l uded tha t a t  r e a s onab l e  
deve lopment ra t e s  the re wou l d  b e  n o  s e r i ou s  wa ter ava i l ab i l i ty p rob ­
l ems dur ing the p e r i od s tudied . An imp o r t ant c on s i d e ra t i on in any 
future energy deve l opme nt in t h i s  area  wi l l  be the c o s t s  a s s o c i a t e d  
w i t h  t h e  s tandards for  m i n e  dra inage wa t e r  a n d  p l ant e f fl uent s  d e ­
s i gned to pr event s t ream p o l lut i on . I n  turn , the  e c onomi c s  o f  energy 
produc t i on wi l l  b e  a f fec t ed by the cap i t a l  and o p e r a t ing c o s t s  re ­
qu i red to me e t  t he s e  s t andards . 

Po s t  1 9 8 5  

Whi l e  there  wi l l  b e  an adequate  s upp ly o f  wa t e r  i n  t he we s t e rn 
s ta t e s  to  me e t  the max imum p r o j e c t e d  requ i r emen t s  for  ene r gy t o  
1 9 8 5 , sub j e c t  t o  s o lu t i on o f  l o c al  d e l ivery p r ob l ems , wa t e r  avai l ­
ab i l i ty i s  l ike l y  to  b e  a cons t ra int on maj o r· g rowt h in p r o duc t i on 
o f  synthe t i c  fue l s  and e l ec t r i c i ty in the Co l o rado and Mi s s our i 
Bas ins a f t e r  that t ime . 

5 



Chap t e r  One 

WATER DEVE LOPMENT I N  PERS P E C T I VE : 
POL I C I E S , I S SUE S , RE SOURCES AND TRENDS 

The deve l opment o f  wat e r  r e s ourc e s  invo l v e s  d i ve r s e  prob l ems 
inc luding the fo l l owing wh i ch are  d i s cu s s ed in t h i s chap t e r : 

• The need to  fo rmu l a t e  nat i ona l p o l i c i e s  

• The ro l e  o f  t he Federal  Gove rnment 

• The d i sput e s  over env i ronment a l  p ro t e c t i on 

• The l e g a l  ava i l ab i l i ty o f  wa t e r  

• The r e s ourc e s  i n  four s e l e c t e d  r e g i on s  

• The t rends b eyond 1 9 8 5 . 

NATI ONAL POL I C I E S  AND MAJOR IS SUES 

Na t i ona l p o l i c i e s  s hould  b e  deve l o p e d  to c r e a t e  a b a l an c e d  
economi c ,  s o c i a l  and env i ronment a l  framework c onduc ive  t o  ensur ing 
the ava i l ab i l i ty of adequa t e  s upp l i e s  of wa t e r  fo r future ene r gy 
needs  and o the r bene f i c i a l  us e s  a s  we l l  a s  p r o t e c t i n g  the envi ron ­
ment from unne c e s s ary de t e r i o r a t i o n . The succ e s s  o f  the s e  p o l i c i e s  
wi l l  dep end o n  the pub l i c ' s  unde r s t and ing o f  the  re l a t i o n s h i p  b e ­
twe en comp e t ing u s e s  o f  wa t e r  and the ne e d  fo r ma int a in ing adequate  
ene rgy supp l i e s . 

THE ROLE OF THE F EDERAL GOVERNMENT 

The Federa l G ove rnmen t and the energy indu s t r i e s  mus t  addre s s  
the s e  i s s ue s : 

• The Federa l Government s houl d  provide  l e ad e r s hip and gu i danc e 
for appr op r i a t e  i n te r s tat e , s ta t e , and l o c a l  gove rnmen t  agen ­
c i e s  and for indu s t ry , wi t h  t he purp o s e  o f  p r omo t i ng energy 
r e s our c e  deve l opment in the na t i ona l int e re s t . 

• The F e d e ra l  Gove rnment should  ext end i t s  g o o d  o ff i c e s  t o  
r e s o lve  d i sput e s  b e twe en the s t a t e s  i n  t h e  a dm i n i s t ra t i on 
o f  wa t e r  l aws and encourage the adop t i on o f  app rop r i a t e  
and equi t ab l e  in t e r s t a t e  arrang ement s  d e a l i n g  w i t h  a l l o c a ­
t i on o f  the ava i l a b l e  wa t e r  re s ource s .  Nat i on a l  we l l - b e ing 
should  r e c e ive  c o n s ide rat ion in the  adop t i on and admins t r a ­
t i on o f  wat e r  l aws . 

• The Federa l Gove rnment , fo l l owing gu i d e l i n e s  deve l op ed by 
the Wa t e r  Re s o u rc e s  Co unc i l , shou l d  a s s ume p r imary r e s p on ­
s i b i l ity  fo r p l ann ing maj o r  mu l t ipurp o s e  wa t e r  deve l opment 
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p r o je c t s  such a s  ma in s tre am dams and aqueduc t s  whi c h  are  
needed to  s e rve d i sp e r s e d  ene rgy r e s our c e  d ep o s i t s  and r e ­
l a t e d  e l e c t r ic p owe r deve l opmen t . Futu r e  energy r e qu i r e ­
men t s  shou l d  b e  cons idered  a p ar t  o f  e a c h  r iv e r  b a s in o r  
r e g i o na l  wa t e r  p l ans . Mo reover ,  the F e d e r a l  Government 
s hou l d  provide  adequat e dat a for future wa t e r  and ene r gy re ­
s ource  as s e s sment s . 

ENV I RONMENTAL PROTE C T I ON 

Any deve l opment and us e o f  wat e r  fo r ene r gy p r o duc t i on may a f ­
fe c t  the env i ro nment . Po t en t i a l  adve r s e  env i ro nmen t a l  e ff e c t s  re ­
su l t ing from wat e r  deve l opment fo r ene rgy p ro duc t i on s ho u l d  b e  i d en ­
t i fi ed dur i ng the p l ann ing p r o c e s s .  The s e  e f fe c t s  can b e  minimi z ed 
through r e s e arch and imp l ement a t ion o f  new ene r gy t e chno l o gy . As 
t e chno l o g i c a l  p r o g r e s s  i s  r e duc e d  to p r a c t i c e , aut ho r i t i e s  w i l l  b e  
ab l e  t o  ma ke int e l l i gent c ho i c e s , con s i de r in g  b o t h  future  e n e r gy r e ­
qui remen t s  wi th accomp anying wa t e r  ne eds  and the  demands  fo r env i ron ­
ment a l  p ro t e c t i on . F o r  th i s  purp o s e , the ene r gy indus t r i e s  s hould: 

• Pro vi d e  l ea d e r s h i p  in dev e l opment o f  eco l o g i c a l l y  s o und 
r e s ource ut i l i z a t i on p o l i c i e s  and t he e f f i c i en t  us e o f  
wa t e r  in the  p r o du c t i on o f  ene rgy s upp l i e s . 

• S t r i ve t o  deve l op b e t t e r  indu s t ry - gove rnment - consuming pub ­
l i c commun i c a t ions  to  exp e d i t e  c omp l i anc e w i t h  the  env i ron ­
men t a l  imp a c t  s t a t ement requ i r emen t s  o f  the  Nat i on a l  Env i ron ­
ment a l  Pol icy Ac t in the b e s t  int e re s t o f  the  Na t i on . 

• Encoura g e  and c o o p e r a t e  w i t h  s t a t e s ' author i t i e s  and w i t h  
the Federa l Env i ro nment a l  Pro t e c t i on Ag ency t o  adop t e c o ­
nomi c a l l y  a t t a inab l e  envi ronment a l  p r o t e c t i on s t anda rds . 
The s e  s h o u l d  inc lude s tandards fo r p ro t e c t i on and r e s t o r ­
a t i on o f  l and surface  and fac i l i ty e ff luent s tandards de ­
s i gn e d  t o  m i n im i z e  p o l lut ion from d i s charge s into  pub l i c  
wa t e r s . The Fede r a l  Wa t e r  Po l lu t ion Cont ro l Ac t Amendmen t s 
o f  1 9 7 2  requ i r e  t he app l i c a t i on o f  the  " b e s t  ava i l ab l e  t e ch ­
no l o gy e c onom i c a l ly achi evab l e "  f o r  e ff l uent c o n t r o l t o  b e  
imp l emen t e d  b y  July 1 ,  1 9 8 3 . 

THE LEGAL AVA I LAB I L I TY OF WATER 

Be fo re p r o c e e ding to  a re g ion - by - r e g i o n  d i s cus s i on of  wat e r  
ava i l ab i l i ty ,  three  fac t o r s  r e l a t ing t o  t h e  l e ga l  ava i l ab il i ty o f  
wat e r  s houl d b e  no t e d : 

• Al l o f  the  we s t e rn s ta t e s  invo lved h e r e  a r e  "approp r i a t i o n "  
s t a t e s . There  are  two typ e s  o f  app rop r i at i on . Fi r s t ,  wa t e r  
r i gh t s  a r e  acqu i r ed ini t i a l ly b y  f i l ing a no t i c e  o f  approp r i ­
a t i o n  in a c c o rdanc e wi th a p r o c e dure  e s t ab l i s h e d  by s t a t e  
s t a tut e s , fo l l owe d b y  c ons t ruc t i on o f  wo rks and app l i c a t ion 
of wa t e r  t o  us e w i th reas onab l e  d i l i genc e . A s e c ond typ e 
o f  app r op r i a t i on i s  tha t fo r a r i g ht t o  s t o r e  wa t e r  fo r 
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u l t ima t e  u s e . The right t o  the quant i ty u l t ima t e l y  put t o  
us e (l imi t e d  by t h e  quant i ty o r i gina l l y  app r op r i a t e d )  ''re ­
l a t e s  back" t o  the date  o f  f i l ing no t i c e s ; i . e . , the  date  
e s t ab l i s hing the p r i o r i ty of  the r i ght . Sho r t a g e s a r e  b o rne 
by app rop r i a t o r s  in the inve r s e  o rde r o f  p r i o r i t i e s . 

A wat e r  s upp ly fo r a part i cu l a r  c o a l  c onve r s i on p l ant may 
thus be o b t a ined e i the r by an ini t i a l  app rop r i a t i on o f  un ­
app ropr i a t e d  wa t e r  (i f any ) , o r  by p ur c ha s e  o f  an e xi s t ing 
app rop r i a t i on . The fac t  tha t the wa t e r  i n  a p a r t i cu l a r  
s t r e am may b e  ful l y  approp r i a t e d  i s  thus no t a conc l us ive ly 
nega t ive  answe r t o  the ava i l ab i l i ty o f  wa t e r . The re  a r e , 
howeve r ,  l im i t a t i ons on the r i ght o f  t r ans fe r , e . g . , o ther  
app rop r i a t o r s  mus t no t b e  adve r s e l y  a f f e c t e d  by a c hang e in  
the  p l a c e  of  divers i on . 

• In a l l  o f  the we s t ern s t a t e s , the Fe dera l G o ve rnmen t  has  
c on s t ruc t e d  large  p ro jec t s  to  s t ore  and c onvey wa t e r , under 
the Rec l ama t ion  Ac t o r  s tatut e s  autho r i z ing cons t ru c t i on 
o f  wo rks by the Co rp s  o f  Eng in e e r s . In a dd i t i o n , Congre s s  
ha s autho r i z e d l a r g e  projec t s  wh i c h  have no t ye t b e en con ­
s t ruc t e d . In s ome c a s e s , the Fed e r a l  Governmen t ha s a c ­
qu i r ed wa t e r  ri gh t s  for the s e  p r o je c t s  unde r s t a t e  l aws . 
In o thers , i t  has ini t i a l ly e s t a b l i s h e d  wa t e r  .r i ght s in i t s  
own name i n  the exerc is e o f  federal  c on s t i tut i ona l p owe r ( e . g . , 
the Bo u l d e r  Canyon Proje c t  Act ) . In a l l c a s e s , howeve r ,  
o b t a ining wa t er s to red by fede r a l  p ro je c t s  i s  dep endent on 
the execut i on o f  cont rac t s  w i t h  the Un i t e d S t a t e s . 

• Al l of the r i ver  b a s ins invo lved are  subje c t  to  int e r s t a t e  
comp a c t s , wh i ch imp o s e  res t r i c t i o n s  on t h e  u s e o f  wa t e r . 
Add i t iona l l y , in the Co l o rado River Ba s in , t he Mex i c an Wa t e r  
Tr eaty imp o s e s  a n  added cons t r a int in  t h e  fo rm o f  a guaran ­
t e e d  de l i very to  Mex i co o f  1 . 5  mi l l i on a c r e - fe e t  annua l l y .  

RE SOURCES IN FOUR REG IONS 

In o rder  to deve l op wat e r  res our c e s , i t  i s  n e c e s s ary to examine 
our wa t e r  s upp l i e s  and demands fo r the cont e rminous Un i t e d  S t a t e s  
fo r years 1 9 6 5  through 2 0 0 0 . Our wa t e r  de f i c i enc i e s in t h e  s o ut h ­
we s t e rn Un i t ed S t a t e s  a r e  the mo s t  c r i t i c a l  du e t o  b o th quan t i ty 
and qua l i ty (s e e  Tab l e s  1 - 4) . Becaus e o f  the s e  d e f i c i enc i e s  and 
b e c aus e of the comp e t i t i on fo r wat e r  s upp l i e s  that  wi l l  evo l ve b e ­
twe en va r i ous us e r s , exp anded info rmat i on i s  p ro v i d e d  for the  Upp e r  
Co l o rado , Lower Co l o rado , Great  Ba s i n and C a l i fo rn i a  Re g i on s . 

Wa t e r  supp l y  p r o b l ems in the s e  four r e g i ons  a r e  qu i t e  d i f fe rent 
(s ee  Fi gure 1 ) : 

• Uap e r  Co l o rado Re g i on : The Upp e r  Co l o rado Re g i on ha s an 
a equa t e  supp ly and proje c t e d  demand l e s s  t han ava i l ab l e  
supp l y . 

• Lowe r Co l o rado Reg i o n : The Lowe r Co l o rado Re g i on , in 
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TABLE 1 

WAT E R  WITH DRA WALS FO R P U B L I C  WATER S U P P LI ES 
( M i llions of G a l l o ns Per Day) 

Region Esti m ates of Actual  Withdrawals Projectio ns 

N u m bers Names of Regions 1 955 1 960 1 965 1 970 1 985 2000 

1-2 New England - Middle Atlantic 4,449 4,880 5,300 6,567 8,700 10,000 

New England (North Atlantic) 950 1,000 1,200 1,399 

Upper Hudson 196 
Lower Hudson and Coastal Area 1,720 3,000 3,100 

Delaware 720 

Chesapeake 863 880 1,000 

Middle Atlantic - - - 5,168 

3 South Atlantic - Gulf 1,340 1,790 2,110 2,283 4,600 5,400 

South Atlantic - 1,300 1,500 

Eastern Gulf - 490 610 

5-6 Ohio - Tennessee 1,861 1,820 2,050 2,741 3,300 3,880 

...... I Ohio 1,620 1,500 1,700 
0 Ohio and Cumberland - - - 2,441 

Cumberland and Tennessee 241 320 . 350 

Tennessee - - - 300 

Cumberland 

9-10 Souris-Red-Rainy-Missouri BOO 843 1,005 1,074 1,500 1,563 

Souris-Red-Rainy (Hudson Bay) - 33 35 48 
Upper Missouri - 650 no 
Lower Missouri - 160 200 (1,026) 

11 Arkansas-White-Red 610 630 680 757 1,400 2,375 

Upper Arkansas-Red - 350 370 

Lower Arkansas-Red-White - 280 310 

12-13 Texas-Gulf-Rio Grande 1,050 1,200 1,300 1,460 2,600 3,838 

Texas-Gulf - - - 1,144 

Rio Grande - - - 316 

14-15 Colorado 190 270 410 467 810 1,020 

Upper Colorado - - - 75 

Lower Colorado - - - 392 

Source: Water Resources Council, The Nation's Water Resources, The First National Assessment (Washington, D.C., 1 968). 
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TAB L E 2 

S U M MARY O F  WATER S U PPLIES AN D D E MANDS B Y  MAJO R WATER R EGIONS- 1 965 
( B i l l ions of Gal lons Per Day) 

Water Supply Water Demand 

In- Con- Tota l 
Reg- With- Channel  s u m ptive Total Con-

u lated I m ports- Basin d rawal Req u i re- Use With- sumptive 
Reg ion R u n off Exports I nflows Supply ment Sup ply d rawal Use 

North Atlantic 145.10 - - 145.10 1.92 143.18 26.07 1.94 

South Atlantic-Gulf 169.30 - - 169.30 19.70 149.60 16.86 2.68 

Great Lakes 51.80 - - 51.80 6.32 45.48 25.12 1.20 

Ohio 108.90 - - 108.90 8.76 100.14 28.26 1.13 
Tennessee 38.60 - - 38.60 4.15 34.45 5.77 0.33 
Upper Mississippi 49.10 - - 49.10 6.46 42.64 8.18 0.77 
Lower Mississippi 38.20 - 290.23 328.43 32.84 295.59 5.37 1.47 

Souris-Red-Rainy 4.30 - - 4.30 0.62 3.68 0.39 0.08 

Missouri 42.20 +0.35 - 42.55 11.00 31.55 19.34 10.55 

Arkansas-White-Red 69.90 +0.06 - 69.96 1.92 68.04 9.41 5.87 

Texas-Gulf 23.90 - - 23.90 0.78 23.12 16.21 7.29 

Rio Grande 3.30+ +0.01 - 3.31 0.34 2.97 7.29 4.40 

Upper Colorado 12.00 -0.42 - 11.58 7.37 4.21 4.02 1.98 

Lower Colorado 1.80 -4.25 9.80 7.35 1.86 5.49 6.91 3.45 

Great Basin 4.00 - - 4.00 0.47 3.53 5.12 2.25 

Columbia-North Pacific 189.00 - - 189.00 14.70 174.30 29.63 10.52 

California 56.00 +4.25 - 60.25 1.30 58.95 31.70 20.50 

Tota l 1 ,007.40 0 300.03 1 ,307 .43 120.51 1,186.92 245.65 76.41 

Source: The Water Resources Council, The Nation's Water Resources, The First National Assessment (Washington, D. C., 1968). 

* 

t 

. Total Withdrawal 
Gross Demand/Supply Rat1o = w· hd IS I 1t rawa upp y 

(Percent) 

. Total Consumptive Use 
Net Demand/Supply Rat1o = C 

f 
U S 

1 (Percent) 
onsump 1ve se upp y 

Gross N et 
Demand/ Demand/ 

Supply S u p p ly 
Ratio Ratio 

( Percent)* ( Percent)t 

18 1 

10 2 

49 3 

26 1 

15 1 

17 2 

2 
9 2 

46 33 

14 9 

68 32 

220 148 

35 47 

94 63 

128 64 

16 6 

53 35 

1 9  6 

:j: Of 4 .9 bgd mean annual runoff, only 68 percent (3.30 bgd) is estimated as regulated supply which is less than consumptive use . Basin ground water is being depleted to 
augment surface supply. 
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TA B L E 3 

S U M MARY O F  WAT E R  SU P P LI ES A N D  D E M A N D S  BY MAJO R WAT E R  R EG I O N S- 1 980 
( Bi l lions of Gal lons Per Day) 

Water Supply Water Demand 

I n- Con- Tota l 
Reg- With- Channel  s u m ptive Total Con-

u lated I m ports- Basin d rawal Reg u i re- U se With- s u m ptive 
Region R u noff Exports I nflows S u pply m ent S u pply drawa l Use 

North Atlantic 145.10 - - 145.10 1.92 143.18 44.02 2.69 
South Atlantic-Gulf 169.30 - - 169.30 19.70 149.60 41.18 3.32 
Great Lakes 51.80 

. 
51.80 6.32 45.48 47.89 1.88 - -

Ohio 108.90 - - 108.90 8.76 100.14 41.75 1.62 
Tennessee 38.60 - - 38.60 4.15 34.45 12.25 0.57 
Upper Mississippi 49.10 - - 49.10 6.46 42.64 14.80 1.10 
Lower Mississippi 38.20 - 283.73 321.93 32.84 289.09 12.62 3.01 
Souris-Red-Rainy 4.30 +0.39 - 4.69 0.62 4.07 0.94 0.22 
Missouri 42.20 +0.06:1: - 42.26 11.00 31.26 23.26 13.16 
Arkansas-White-Red 69.90 +0.15 - 70.05 1.92 68.13 17.28 8.48 
Texas-Gulf 23.90 - - 23.90 0.78 23.12 26.38 9.42 

Rio Grande 3.30 +0.11 - 3.41 0.34 3.07 8.33 4.68 
Upper Colorado 12.00 -0.76 - 11.24 7.37 3.87 5.68 2.70 

Lower Colorado 1.80 -4.18 8.38 6.00 1.86 4.14 8.50 4.08 
Great Basin 4.00 +0.05 - 4.05 0.47 3.58 7.06 3.30 
Columbia-North Pacific 189.00 - - 189.00 14.70 174.30 41.41 13.58 

California 56.00 +4.18 - 60.18 1.30 58.88 37.99 29.02 

Tota l 1 ,007.40 0 292.1 1 1 ,299.51 1 20.51 1 ,1 79.00 391 .34 1 02.83 

Source: The Water Resources Cou ncil, The Nation's Water Resources, The First National Assessment, (Washington, D . C . ,  1968). 

* 

t 

:j: 

. Total Withdrawal 
Gross Demand/Supply Rat1o = W'thd 1 S 1 (Percent) 

1 rawa upp y 

. Total Consumptive Use 
Net Demand/Supply Rat1o = C 

f U 
S 

1 (Percent) 
onsump 1ve se upp y 

Imports of 0.45 bgd and exports of 0.39 bgd. 

Gross N et 
Demand/ Dema nd/ 

Supply S u p ply 
Ratio Ratio 

( Percent)* ( Percent)t 

30 2 
24 2 
93 4 
38 2 
32 2 
30 3 

4 1 
20 5 
55 42 
25 12 

110 41 
244 152 

51 70 
142 99 
174 92 

22 8 
63 49 

30 9 
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TA B L E 4 

SUM MARY O F  WATER SUPPLI ES AN D D E M A N D S  BY M AJO R WAT E R  R EG I O N S - 2000 
( B i l l ions of Gal lons Per Day) 

Water S u p ply Water Demand 

I n - Con- Tota l 
R eg- With- Channel  s u m ptive Total Con-

u lated I m ports- Basin d rawal Regui re- Use With- sumptive 
Region Runoff Exports I nflows Supply ment S u pply d rawal Use 

North Atlantic 145.10 - - 145.10 1.92 143.18 44.96 4.21 

South Atlantic-Gulf 169.30 - - 169.30 19.70 149.60 59.84 5.44 

Great Lakes 51.80 - - 51.80 6.32 45.48 96.59 3.18 

Ohio 108.90 - - 108.90 8.76 100.14 65.11 2.54 

Tennessee 38.60 - - 38.60 4.15 34.45 13.88 0.83 

Upper Mississippi 49.10 - - 49.10 6.46 42.64 30.59 1.78 

Lower Mississippi 38.20 - 277.73 315.93 32.84 283.09 25.67 4.38 

Souris-Red-Rainy 4.30 +0.78 - 5.08 0.62 4.46 2.00 0.49 

Missouri 42.20 -0.13+ - 42.07 11.00 31.07 27.88 14.98 

Arkansas-White-Red 69.90 +0.17 - 70.07 1.92 68.15 25.34 10.59 

Texas-Gulf 23.80 - - 23.90 0.78 23.12 50.03 10.83 
Rio Grande 3.30 +0.11 - 3.41 0.34 3.07 9.51 4.99 
Upper Colorado 12.00 -0.98 - 11.02 7.37 3.65 6.58 3.10 
Lower Colorado 1.80 -3.93 7.68 5.55 1.86 3.69 8.43 4.65 
Great Basin 4.00 +0.05 - 4.05 0.47 3.58 7.55 3.56 
Columbia-North Pacific 189.00 - - 189.00 14.70 174.30 70.94 17.15 
California 56.00 +3.93 - 59.93 1.30 58.63 43.11 31.92 

Total 1 ,00 7. 40 0 285. 41 1 ,2 92. 81 120. 51 1, 1 72. 30 588.0 1 12 4.62 

Source: The Water Resources Council, The Nation's Water Resources, The First National Assessment, (Washington, D.C., 1968). 

* 

t 

t 

. Total Withdrawal 
Gross Demand/Supply Rat10 = w· 

hd I S I 
(Percent) 

1t rawa upp y 

. Total Consumptive Use 
Net Demand/Supply Rat1o = 

C . U S 1 (Percent) 
onsumpt1ve se upp y 

I mports of 0.65 bgd and exports of 0. 78 bgd. 

Gross N et 
Demand/ Demand/ 

Supply S u pply 
Ratio Ratio 

( Percent)* ( Percent)t 

31 3 
35 4 

186 7 

60 3 

36 2 

62 4 

81 2 

39 11 

66 48 

36 16 

209 47 

279 163 

60 85 

132 126 

186 99 

38 9 

72 56 

45 1 1  
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c o n t r a s t ,  has a sma l l  natural s upp l y  w i t h  a r ap i d l y  inc r e a s ­
ing d emand p ro je c t e d  t o  great ly exc e e d  the  p r e s ent  s up p l y  by 
the y e a r  2 0 0 0 . Thi s  p o t ent i a l  de f i c i ency c an o n l y  b e  me t by 
augmen t a t i on o f  the natur a l  sup p l y  to the Lowe r Co l o rado 
Ba s i n .  

G r e a t  B a s i n  Re g i on : The G r e a t  Bas in Re g i on o f  we s t e rn U t ah 
and Nevada i s  an area  of sma l l  s upp ly and l ow d emand , even 
when p r o je c t e d  to the year 2 0 0 0 . 

Ca l i forn i a  Re�i on : The Ca l ifo rn i a  Re g i on rep r e s en t s an area  
of  intens i v e  eve l opmen t - - l ar g e  popul a t i on w i t h  h e avy mun i c ­
i p a l  and indus t r i a l  us e and intens ive i r r i g a t e d  a g r i cu l ture - ­
but  wi th natural  wa t e r  s upp ly gene r a l ly a d equ a t e  t o  me e t  p r o ­
je c t e d  demand s . I t s p ro bl ems a r e  p r ima r i ly tho s e  o f  d i s t r i ­
bu t i on and management o f  the ava i l ab l e  s upp ly . 

Upp e r  Co l o rado Reg i on 

The Upp e r  Co l o r a do Re g i on has a wa t e r  s u rp lu s  wh i ch f l ows a t  the 
pr e s en t  t ime to the Lowe r Co l o rado Re g i o n , a l t hough p r o je c t e d  wa t e r  
demand s wou l d  c onsume much o f  th i s  surp l u s . I t s major p ro b l ems are  
wat e r  qua l i ty and s ed iment p r o duc t i on . 

The Re g i on ' s  two l ar g e  p o t ent i a l  us e r s  o f  wa t e r  a r e  p ro duc t i on 
of  mine r a l s and therma l e l ec t r i c  powe r . Proje c t ed m in e r a l  a c t i v i ty 
inc lud e s  fou r  o i l  s ha l e  p lant s wi th a t o t a l  c ap ac i ty o f  4 0 0  MB/ D 
by 1 9 8 5 . Coa l c onver s i on by hydro genat i on i s  exp ec t ed . Th i s  u s e , 
t o g e ther  w i t h  c o a l  mined for  the rma l p owe r p r o du c t i on , w i l l  amount 
to an annual  inc re a s e o f  app ro x ima t e l y  2 0 0  m i l l i on t on s  o f  c o a l . 
The rma l  e l e c t r i c  p ower c ap a c i ty ins t a l l e d  t o  s up p l y  l o c a l  u s e and 
us e for exp o r t  c ou l d  incre a s e from the p r e s ent  1 , 3 0 0  to 4 7 , 6 0 0  me g a ­
wat ts (MW). Uranium p r o duc t i on wi l l  a l s o  i nc r e a s e  s i gn i f i c an t ly . 

Po t en t i a l  comp e t i t i on fo r wa t e r  s up p l i e s  e x i s t s  b e twe en ene rgy 
produc t i on and i r r i g a t i on . From the s e  s ame s o ur c e s ,  n ea r ly 7 m i l ­
l ion  a c r e s  c ou l d  b e  put  i n t o  p r o duc t i on and a dd i t iona l ly ab o u t  one ­
th i rd o f  e x i s t ing i r r i g a t e d  l ands c o u l d  b e  s upp l i e d  w i t h  n e e d e d  a d ­
di t i on a l  wat e r  fo r b e s t p r o duc t i on . I r r i g a t e d  c rop l an d  y i e l d s  can 
be incre a s e d  g r e a t ly  by provid ing s upp l emen t a l  wat e r , i n s t a l l ing 
drainage s y s t ems , imp ro ving irrigat ion sy s t ems  and fur t h e r  adop t ing 
agricul tur a l  manag ement p ra c t i ce s . 

A wa t e r s he d  manag eme nt p r o g ram i s  p l anned t o  r e du c e  the average  
annua l imp a i rment from man - c r e a t e d  wat e rs he d  p ro b l ems by about  5 0  
p e r c en t  and na tura l p ro b l ems by ab out 1 0  p e rc en t . I t  al s o  inc l ude s 
a p l anne d  p r o duc t ion o f  43 4 , 0 0 0  acre - fe e t  p e r  y e a r  o f  a dd i t i o n a l 
wa t e r  a s  a r e su l t  o f  t he ve g e t a l  man ipul a t ion . 

P r e s ent s p o r t  hunt ing and f i shing d emand i s  p ro j e c t e d  t o  n e ar ly 
doub l e  by the year  2 0 0 0 . Re c r e a t i on deman d , o f  wh i c h  9 7  p e r c en t  i s  
by nonre s i d e nt s , wi l l  inc r e a s e  fourfo l d . 

Suff i c i en t  wat e r  i s  phys i c a l ly ava i l ab l e  f o r  on - s i t e  r e g i onal  
us e t o  me e t  a l l n e e d s  p ro jec t e d . Howev e r , fo r l arg e r  l ev e l s ,  an 
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increase in the Upper Colorado Region's water supply will be required. 
The amount of increase cannot be determined because of different in­
terpretations of compacts and treaties. More specifically, the 
Colorado River Compact and Upper Colorado River Compact impose strin­
gent legal constraints on this water development. 

Lower Colorado Region 

A major problem affecting water availability in the Lower Col­
orado Region is the heavy load of dissolved salts carried by region­
al streams. The salinity of surface waters, and in many places 
ground water, causes major problems to agricultural, municipal and 
industrial users of water. Subst�ntial future increases in salinity 
are to be expected, unless significant changes in water quality man­
agement are initiated, or unless water supplies are augmented, there­
by providing additional water for dilution. The most critical im­
mediate need is to meet withdrawal requirements projected to occur 
prior to 1985, without increasing the ground water overdraft. To 
gradually eliminate the ground water overdraft, the long-range pro­
gram, from 1981 to 2000, would need to provide for an annual in­
crease from new sources of water withdrawals of about 4.7 million 
acre-feet per year (MMAF/Y). 

The most vital needs of the Little Colorado Subregion are to 
supply additional water to its two major cities--Flagstaff, Arizona, 
and Gallup, New Mexico. These cities require water to maintain 
economic stability as well as provide for future growth. Additional 
water would also provide greater employment opportunities for the 
Subregion's predominantly rural Indian population through further 
development of the tourist industry, the attraction of outdoor rec­
reationists, and the encouragement of· light industry. Unfortunately, 
however, the water supply of the Subregion is poorly distributed with 
respect to the areas of need. Additional water for municipal, in­
dustrial and agricultural uses needs to be made available for sev­
eral areas 1n the Subregion. 

The Gila Subregion is the major water deficient area of the 
Lower Colorado Region. Even though about 2.5 MMAF of ground water 
were mined in 1965, the apparent water requirements were not sat­
isfied. By 2000, the annual withdrawal requirement is expected to 
increase by more than 2.0 MMAF. The increased requirements are 
due primarily to the needs of an expanding population. Most of 
the water needs are concentrated in the vicinities of Phoenix and 
Tucson. In general, existing sources are completely utilized. 
Therefore, there is a critical need to increase the water supplies 
of the Subregion to reduce the ground water overdraft and to meet 
the growing water requirements. 

Great Basin Region 

The Great Basin is one of the most arid of the water resource 
regions. Since most of the Region's precipitation occurs in the 
mount�inous areas along the eastern and western boundaries, water is 
not always available at the point of need. Consequently, construe-
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t i on p r o j e c t s  w i l l  b e  requ i red t o  make wa t e r  ava i l ab l e  a t  the  
locat i ons whe re it  w i l l  b e  u s e d . 

Wa t e r  wi thdrawa l requi reme n t s  a r e  p r o j e c t e d  t o  i nc r e a s e  about 
2 . 6  mi l l i on acre - fe e t  annua l l y by the year 2 0 0 0 .  The l ar ge s t wat e r  
u s e  in  t he G re a t  Bas in Re g ion i s  fo r i rr i ga t i o n . The l a rg e s t  i n ­
crea s e  i n  us e ,  howeve r ,  w i l l  b e  fo r mun i c ip a l  and indus t r i a l  pur ­
po s e s  wh i ch accoun t  fo r 5 7  p e rcent o f  the t o t a l  i nc r e as e . Over 7 0  
percent o f  this  p ro j e c t e d  inc r e a s e  for  mun i c ip a l  and indu s t r i al pur ­
po s e s  i s  i n  the Gre a t  S a l t  Lake Sub re g i on , the a r e a  o f  the l arge s t  
popul a t i on .  

Ano the r u s e  o f  wa t e r  i s  fo r ma i n t a i n i n g  the  l eve l o f  wa t e r  in  
the three ma in p e r enn i a l  t e rminal l ake s :  Pyr am i d  Lake  and Wa l ke r  
Lake i n  We s t ern Nevada and G r e a t  S a l t  Lake in  Ut ah . The s e  l a k e s  
have b e en r e c e d ing for  many y e a r s  due to b o th c l ima t i c  chan g e s  and 
deve l opment in t he r e g i on . As fur ther deve l opment  t a k e s  p l a c e , th i s  
prob l em wi l l  b e c ome ex t r eme ly cr i t i c al un l e s s  wa t e r  imp o r t s  a r e  a ­
va i l ab l e  t o  sus ta in  the l ake l eve l s . Ab out 3 0 0  MAF/ Y  wou l d  b e  n e e ded 
to ma int a i n  Pyram i d  and Wa lker  Lake a t  the i r  p r e s en t  l eve l s .  

Cal i fo rn i a  Reg ion 

The Cal i fo rn i a  Regi on i s  an area  o f  i n t en s i v e  deve l opment and 
growing demand for wa t e r  for mun i c ip a l , indus t r i a l  and i r r i ga t i on 
needs . The d i s t r ibut ion  o f  wat e r  i s  the a r e a ' s  maj o r  p r o b l em .  Ca l ­
i fo rnia ' s deve l opment  i s  c onc ent r a t e d  in  s em i - ar i d  c o a s t a l  p l a i ns 
and int e r i o r  val l eys  in the c entra l and s outhe rn p a r t s  of t he Reg i on . 
whi l e  the na tura l wa t e r  s upp ly i s  c en t e r e d  in  the  moun t a i nous no rth ­
ern p ar t . To me e t  p ro j e c t e d  wa t e r  needs  requ i r e s  prov i s i o n  fo r 
s to rage o f  h i gh l y  var i ab l e  s eas onal  runo ff  and t rans p o r t  fa c i l i t i es 
to move t he wa t e r  to a r e a s  o f  need . Ma j o r  p r o j e c t s  such a s  the 
Bur eau of Re c l ama t i on ' s Central  Va l l ey Proj e c t  and the C a l i fo rn i a  
State Wa t e r  P l an have b e e n  de s i gned t o  s o lve t h i s  l ong - r e c o gn i z ed 
prob l em . An al t e rna t i ve s o lut i on i s  rec l ama t i o n  o f  wa s t e wat e r  
now d i s charged t o  the s e a  and des a l i n i za t i on o f  s e a  wat e r . 

Pro j e c t s  e i the r e x i s t ing o r  under cons t ruc t i o n  wi l l  p ro v i de 
1 0  mi l l ion acre - fe e t  annua l ly .  Other p ro j e c t s  current l y  autho r ­
i zed wi l l  p rov i de an add i t i ona l 1 MMAF . The rema in in g  p r o j e c t e d  
de fi c i ency o f  3 t o  1 1  MMAF (depending on p l ann ing a s s ump t i on s ) c an 
be me t by a var i e ty o f  a l t erna t ives  curren t ly unde r  s tudy . Any 
dec i s i ons  fo r the s e  p r o j e c t s  wi l l  depend up on e c onom i c  and env i ron ­
mental  imp a c t s . Re c en t  cons i dera t i on s  i n  wat e r  deve l opment p l ann ing 
are imp rovemen t of wa t e r  qual i ty manag ement and g r e a t e r  a t t en t i on 
to intan g i b l e  b ene fi t s  o f  wat e r  us e such as  r e c r e a t i o n , p r es e rva t i on 
o f  f i s h  and wi l d l i fe hab i t a t s  and a e s the t i c  va l ue s . 

Through the y e a r  2 0 0 0 , the Cal i fo rn i a  Re g i on w i l l  f ind i ts 
growth re l a t ive ly unhamp e r e d  by any l ack  o f  l and and wa t e r  r e s our c e s  
i f  i t  cho o s e s  t o  int ens i fy i t s us e o f  tho s e  r e s our c e s . Howeve r ,  i t  
wi l l  me e t  i t s  demands fo r ene rgy only by the a l l oc a t i o n  o f  wat e r  
re s o urce  wh ich  r e a l i s t i c a l l y take s i n t o  c on s i d e r a t i o n  t h e  comp e t ing 
demand s fo r e conom i c  g rowth and env i r onment a l  imp rovement . 
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As it  i s  one of the maj o r  f l oo d - p rone are a s  o f  the  Na tio n ,  
t h e  C a l i fo rn i a Re g ion mus t adop t non s t ruc tur a l , a s  we l l  a s  s t ruc ­
tura l , me thods  o f  f l o o d  c o ntro l . I t  may have t o  advanc e i t s  sch e d ­
ul e fo r c on t ruc t i n g  mul t ipurpo s e  r e s e rvo i r s  b e c ause o f  i t s  urgent  
ne e d  to  c on t ro l fl o o ds .  I t s l arge c i t i e s  shou l d  cons o l i da t e  wa s t e 
tre atment p l ant s and s hou l d  sup p l y  trea t e d  eff l uent fo r ene r gy p rod­
uc t i on use . Fur t he r , a l l  of i t s  mun i c ip a l i t i es s ho u l d  p ro v i de 
s e condary ( and s ome s h ou l d  provide  t e r t i ary ) was t e  t r e a tment . 

To me e t  t he wan t s  o f  ang l e r s  and hun t e r s ,  t he Ca l i fo rn i a  Re g i on 
wi l l  n e e d  t o  s upp l ement ex i s t i ng f i s h  and game p ro g r ams . To me e t  
the wan t s  o f  r e c r e a t i on b o a t e r s  fo r b o a t ing b e r ths , i t  w i l l  n e e d  t o  
provide  add i t i onal  dry s t o rage  and sma l l c r a f t  harb o r s . I n  a dd i t i on , 
i t  s hou l d  deve l op the ful l r e c re a t i on po t en t i a l  o f  i t s  e x i s t ing and 
p roposed r e s e rvo i r s  and c ana ls .  The c l o s e r  suc h  deve l opmen t s l i e 
to c i t i es ,  whe r e  the n e e d  fo r recrea t i on is g r e a t est , the mo r e  they 
wi l l  sa t i s fy that  n e e d . Neve rthe l e s s , the deve l opment  o f  wa t e r  fo r 
c i ty dwe l l e r s , indus t ry and fa rme r s  comp e t es s t rongly  w i th the 
p 'r e s e rvat i on of  wat e r  in fre e - f l owing st r e ams f o r  hun t e rs , ang l e rs  
and o th e r  re c r e a t i on ac t ivi t i e s . 

TRENDS BEYOND 1 9 8 5  

Uppe r Co l o rado River Bas in 

Wa t e r  t o  s upp o r t  a cont inued exp ans i o n  of energy p r o duc t i on wi l l  
b e  ava i l ab l e  in Co l o r ado and Utah , wi t h  c a r e fu l  p l ann ing and an 
orde ring  o f  p r io r i t i e s . Wat e r  supp ly w i l l  c ome from the s ou r c es 
now a l l o ca t e d  fo r future ene rgy u s e  and , a s  th i s  a l l o c a t i on i s  
c omp l e t e ly ut i l i z e d , c o u l d  b e  augment e d  by a p a r t i a l  r e a l l o c ation 
from a g r i cul ture t o  ene rgy p ro duc t ion . Add i t i o nal supp l i e s  may b e  
deve l o p e d  through s t r e am augment a t i on p r o g rams and t r ans bas in 
dive r s i ons . Through the s e  means , wat e r  c o u l d  be made  ava i l ab l e  to 
suppo rt fu l l  deve l opment of the coa l and oi l s h a l e  r esourc e s  of the s e  
state s . 

Bec ause of l im i t e d  wa t e r  ava i l ab i l i ty ,  no s i gn i f i c an t  ene r gy 
pro duc t ion ,  wh i ch requ i r e s  l a r g e  amo un t s  o f  wa t e r , c an b e  exp e c t e d  
t o  be site d in Ar i z ona o r  New Mex i c o  beyond t h e  I nit i a l  Appra i s a l  
p ro j e c t ions . * 

Uppe r Mi s s our i River Basin 

An overal l s upp ly of wat e r suff i c i ent to s uppo r t  the fu l l  u til ­
i z a t io n  o f  the c o a l  r e s o urc es o f  the area  i s  p r e s en t . S e r ious  l e gal  
p r ob l ems and l arge  c ap i t a l  requ i r emen t s  w i l l  be  o b s t ac l e s  but  they 
a r e  not l i ke ly to b e  the ul t imat e  c onstra int on the  ful l  r e a l i z a tion 
o f  the ene r gy p o t ent i a l  o f  the a r e a . 

* NPC , U. S .  En erg y Ou tl ook, A n  In teri m Report, A n  In i ti a l 
A ppra i sa l  by th e Oi l Sha l e  Ta sk Grou p 1971-1985. ( Wa s h ingt on , D . C . , 
Feb ruary 2 5 , 1 9 7 2 ) . 
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Al l Ar eas  

Wi th  comp l e t e  deve l opment and r e a l l o c a t i on of  p r i o r i t i e s , wat e r  
coul d b e  made avai l ab l e  t o  s upp o rt ful l  deve l opment o f  t h e  c o a l  and 
o i l s ha l e  b a s e d  ene rgy p o t ent i a l  o f  the we s t e rn s t a t e s , wi t h  the 
p o s s ib l e  exc ep t i on o f  Ar i z ona and New Mex i c o . Howeve r ,  many un fo r e ­
s e e ab l e  fac t or s  can chang e t h i s  p r o j e c t i on . F o r  examp l e , popul a t i on 
growth and the deve l opment o f  o t he r wa t e r - us ing indus t r i e s  may d i vert  
the  supp l i e s  now ava i l ab l e  for ene rgy p ro duc t i o n , or  c l imat i c  t r ends 
may decreas e the s up p l y  b e l ow that ind i c a t e d  by the h i s t o r i c a l  rec ­
o rd .  In addi t i on ,  env i ronmen t a l  p ro t e c t i on and l e g a l  i s s u e s  may 
caus e s e r ious  pro b l ems in a t t a in ing a ful l u t i l i z a t i on o f  the  ava i l ­
ab l e  s upp l y . 
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Chap t e r  Two 

PROJ E C TED WATER REQU I REMENTS .  F OR 
ELECTR I C I TY AND SYNTHE T I C FUE L PRODUCT I ON 

The un i t  wat e r  requ i r emen t s  for  e l e c t r i c a l  gene r a t i on ( t h e rma l ) 
and the manufacture o f  synthe t ic  p ip e l ine gas  and o i l  have b e en e s t i ­
mated by t he Coa l  and O i l Sha l e  T a s k  Group s . The i r  e s t ima t e s  a r e  
as  fo l l ows : 

Sha l e  Oi l 
El e c t r i c i ty 
Li quids from Co a l  
Gas  from Co a l  

1 7 . 5 MAF/Y fo r 1 0 0  MB/D 
2 0 . 0 MAF/Y for 1 , 0 0 0  MW 
2 5 . 0 MAF/Y f o r  1 0 0  MB/D 
2 0 . 0  MAF/Y fo r 5 0 0  MMCF/D 

The s e  e s t imates  r ep r e s ent actua l dep l e t i on ( c o n s ump t ive us e ) . And 
i t  may b e  that the actual  dive r s ions wi l l  b e  l a r g e r  than t he s e  e s t i ­
ma t e s  indic a t e . 

O I L  SHALE AND COAL 

To t a l  consump t ive wa t e r  requ i r ement fo r a 5 0 , 0 0 0  b a r r e l s  p e r  
day o i l  s h a l e p l ant i s  about 8 , 70 0  a c r e - fe e t  p e r  y e a r  comp o s ed o f  
the s e  e l emen t s :  

Min ing 
Re t o r t ing 
As h D i s po s a l  
Up grading 
Powe r Gene rat ion  

2 2 0  AF/Y 
2 , 6 0 0  AF/Y 
1 , 4 5 0  AF/Y 
3 , 6 0 0  AF/Y 

8 2 0  AF/Y 
8 , 6 9 0  AF/Y 

The p r o j e c t ed dev e l opment s chedu l e  and a c c omp any ing wa t e r  re ­
qu i r ement p repared by the Oi l Sha l e  Tas k  Group f o r  Ca s e  I i s  s hown 
in the fo l l owing tabu l at ion . The f i gure s s hown a r e  cumu l a t ive . 

Sha l e  O i l  Produc t i on Wa t e r  Requ i r ed  

1 9 76 5 0  MB/D 8 . 6 9  MAF /Y 
1 9 79 1 5 0  MB/D 2 6 . 1  MAF/Y 
1 9 8 1  3 5 0  MB/D 6 0 . 0  MAF/Y 
1 9 8 3  4 5 0  MB/D 78 . 0  MAF /Y 
1 9 8 4  6 5 0  MB/D 1 1 3 . 0  MAF/Y 
1 9 8 5  75 0 MB/D 1 3 0 . 0  MAF /Y 

The o i l  sha l e  r e s e rves  cons i de r ed by the O i l  Sha l e  Tas k Group 
supp ly s tudy we re  in  a s e l e c t ed mina b l e s eam l o c a t ed in the  P i c e ance 
Bas in o f  we s t e rn Co l o rado and in the  Uint a Ba s in of  Utah . The s e  
bas ins and the Rocky Moun t a i n  area  c o a l  f i e l ds a r e  s hown i n  F i gure  2 . 
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The C o l o r ado r e se rves are  in the Co l o rado Ri v e r  B a s i n adj a c ent t o  
b o t h  the C o l o r ado River and ma in s t r e am o f  t h e  Wh i t e R i ve r , a t r ib ­
utary . The Utah r e s e rves are  a l so in the  Co l o rado Riv e r  Basin ad ­
j a c e n t  t o  the l ower re ache s o f  the Wh i t e  Riv e r , n e ar i t s  c on fluence 
w i th the  Gr e en Rive r . 

Tab l es 5 - 1 0  we re  de r i ved from da t a  r e c e ived from the  Co a l  and 
O i l  Sha l e  Ta s k  Group s . These t ab l e s  i l l us t r a t e  wat e r  r equ i r emen t s  
f o r  l arge sca l e  ene rgy p ro duc t i on in t h e  we s t e rn s t a t es f o r  Ca s es 
I through I V  i n  the  p r e - 1 9 8 5  p e r i o d . Tab l e s  5 ,  6 and 7 s how the 
wa t e r  requ i r ements by st ate  wh i ch wou l d  b e  requ i r e d  to  s up p o r t  
t h e  co a l - f i r e d  e l e c t r i c i t y  p l an t s ,  synthe t i c g as p l ants , s ynthe t i c 
l iqu i d  p lant s and o i l  s ha l e  p l ants p r o j e c t e d  by the  Co a l  and O i l  
Sha l e  Task Group s .  Tab l es 8 ,  9 and 1 0  show the  s ame wat e r  requ i r e ­
ments by r e g ion . I t  i s  si gn i f i c ant tha t t he t o t a l s indi c a t e d  in 
these tab l es make no a l l owanc e fo r nuc l e ar  g en e r a t ing  p l ants whi ch , 
qui t e  l i ke l y , w i l l  incre ase the amount o f  wa t e r  ne e de d . 
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N I ..... 

TA BLE 5 

CASE I 
WATER R E QU I R EM E NTS FO R P R OJECTED 

E LECT R I C ITY AN D SYNTH ETIC FU E LS D EVELO P M ENT TO 1 985 
FRO M  WEST E R N  S U R FACE-M I N E D  COALS AN D O I L  S H ALE 

Electricity Synthetic Gas 
Rate Water Rate 

( 1 06 KW) U n its* ( M AF/Y) ( 1 09 CF/ D) U n its t --
Bituminous Coal 

Arizona 3.1  3 .1  62 
New Mexico 6.0  6 .0  120 0 .9  4 .0  
Utah 1.2  1 .2  24 
Colorado 

S u btota l 10.3 10.3 206 0.9 4.0 

Subbituminous Coal 
Wyoming 8.0 8.0 160 1 .6  7 .0  
Montana 4.0  4 .0 80 1 .5  6 .4  
Washington 1.0  1 .0  20 

Su btota l 13.0 13.0 26 0 3 . 1  1 3 .4 

Oil Shale 

Utah - - - - -
Colorado - - - - -

Su btotal - - - - -

Lignite 
Montana 3.4 3 .4  68 1 .8  8 .0  
North Dakota 4.9 4 .9 98 1.0 4 .6  
South Dakota 1.0 1 .0 20 
Texas and Arkansas 2.2 2 .2  44 

Su btota l 1 1 .5 1 1 .5 230 2.8 12.6 

Tota l 34.8 34.8 6 96 6 .8 30 .0 

. 
Unit = 1 , 000 MW = 1 06 KW = 20 MAF/Y of water req uired . 

t Unit = 250 MM C F / D  of synthetic pipeline gas = 91 B C F / Y  = 1 0  M A F / Y  of water req uired. 
+ Unit = 50 M B / D  synthetic crude = 1 2. 5  MAF /Y of water required . 
§ Unit = 50 M B / D  synthetic crude = 8.7 MAF/Y of water required . 

Water 
( M AF/Yl 

40 

40 

70 

64 

1 34 

-
-
-

80 

46 

126 

300 

Synthetic Liq u i d  

Rate Water 
( M B/ D l  U n its:l: ( MAF/Yl 

80 1 .6  20 

80 1 .6 20 

500 10 .0 125 

100 2 .0  25 

6 00 12.0 1 50 

U nits§ --
100 2 18 

650 13 112 

750 15 130 

1 ,430 28.6 1 50 



TA BLE & 

CASE 1 1 / 1 1 1  
WATER R E QU I R EM ENTS FO R P R OJECTED 

ELECT R I C ITY A N D  SYNTH ETI C  FU ELS D EVELO P M ENT TO 1 985 
FROM WEST E R N  S U R FACE- M I N E D  COALS AN D O I L  S H ALE 

Electricity Synthetic Gas Synthetic Liq u id 

Rate Water Rate Water Rate Water 
( 1 06 KW) U n its* ( MAF/Yl ( 1 09 C F/ D l U n itst ( M AF/Y) ( M B/ D )  U n its:!: ( MAF/Y) 

--

Bituminous Coal 
Arizona 3 . 1 3 . 1  62 

New Maxico 6 . 0  6 .0  1 20 0 .9  4 .0  40 30 0 .6  8 

Utah 1 .2 1 .2 24 

Colorado 

Subtota l 1 0. 3  1 0. 3  206 0. 9 4. 0 40 30 0. 6 8 

Subbituminous Coal 
Wyoming 8.0  8 .0 1 60 0 . 8  3 .4  34 50 1 .0 13 

N I Montana 4.0  4 .0 80 0 .7  3 .0  30 
VI Washington 1 .0 1 .0 20 

Subtota l 1 3. 0  1 3. 0  260 1. 5 6. 4 64 50 1. 0 1 3  

Oil Shale 
U n its§ 

Utah - - - - - - 1 00 2 1 8  

Colorado - - - - - - 650 1 3  1 1 2 

Subtota l - - - - - - 750 1 5  1 30 

Lignite 
Montana 3.4 3 .4  68 0.8 3 .6  36 

North Dakota 4 .9  4 .9  98 0.4 2.0 20 
South Dakota 1 .0 1 .0 20 

Texas and Arkanas "2 . 2  2 . 2  44 

Su btotal 1 1. 5  1 1. 5  230 1. 2 5. 6 56 

Tota l 34. 8 34. 8 696 3. 6 16. 0 1 60 830 1 6. 6  1 51 

* Unit = 1 ,000 MW = 1 06 KW = 20 MAF /Y of water required. 
t Unit = 250 M M  CF I D of synthetic pipeline gas = 91 B C F / Y  = 1 0,000 A F  /Y of water required . 
:j: Unit = 50 M B / D synthetic crude = 1 2 . 5 MAF/Y of water required . 
§ Unit = 50 M B / D  synthetic crude = 8 .7  MAF/Y of water required . 



TA B L E 7 

CAS E IV 
WATER R E QUI R E M E NTS FO R P R OJECTED 

E LECTR I CITY AND SYNTH ETI C  FUELS D EVELOPM ENT TO 1 985 
FROM WESTER N  SUR FAC E-M I N E D  COALS AN D O I L  SHALE 

E lectricity Synthetic Gas Synthetic Liq u i d  

Rate Water Rate Water Rate Water 
( 106 KW) Un its* ( M A F/Y)  ( 10 9 CF/ D )  Unitst ( M AF/ Y )  ( M B/ D )  Units:!: ( MAF/Yl 

-- -- --

Bituminous Coal 
Arizona 3.1 3.1 62 
New Mexico 6.0 6.0 120 0.4 2.0 20 
Utah 1.2 1.2 24 
Colorado 

S ubtotal 10. 3 10. 3 206 0. 4 2.0 20 

Subbituminous Coal 
Wyoming 8.0 8.0 160 0.5 2.1 21 

N I Montana 4.0 4 .0 80 0 .2 1 .0  10 0\ 
Washington 1.0 1.0 20 

Su btotal 13.0 2 3.0 260 0. 7 3. 1 31 

Oil Shale 
Un its§ 

Utah - - - - - - 100 2 18 
Colorado - - - - - - 650 13 112 

Su btota l - - - - - - 750 1 5  1 30 

Lign ite 
Montana 3.4 3 .4  68 
North Dakota 4.9 4 .9 98 0.3 1.5 15 
South Dakota 1.0 1.0 20 
Texas and Arkansas 2.2 2.2 44 

Su btota l 1 1. 5  1 1. 5  2 30 0. 3 1. 5 1 5  

Tota l 34. 8 34. 8 6 96 1. 4 6.6 66 750 1 5  1 30 

* Unit = 1 ,000 MW = 1 06 Kw = 20 MAF/ Y of water required . 
t Unit = 250 MM CF/ D of synthetic pipeline gas = 91 B C F / Y  = 1 0  MAF/Y of water required . 
+ Unit = 50 M B / D  synthetic crude = 1 2.5  MAF/Y of water required . 
§ Unit = 50 M B / D  synthetic crude = 8.7 MAF/Y water requi red . 



TABLE S 

CASE I 
REGIONAL WATER R E QU I R EM ENTS FO R PROJECTED ELECT R I C ITY AN D SYNTH ETI C 

FUELS PRO D U CTI ON TO 1 985 FROM WESTER N  S U R FACE- M I N ED COAL AN D O I L  SHALE 
(Thousands of Acre-Feet Per Year) 

Region Electricity Synthetic Gas Synthetic Liquid Oi l  Shale Total 

Upper Colorado R iver 
Arizona 62 62 
New Mexico 1 20 40 20 1 80 
Utah 24 1 8  42 
Colorado 1 1 2 1 1 2 

Subtota l 206 40 20 1 30 396 

Upper Missou ri R iver 
M onta na 1 48 1 44 25 3 1 7  
N orth Da kota 98 46 1 44 
South Da kota 20 20 
Wyoming 1 60 70 1 25 355 

Subtotal 426 260 1 50 836 

Colu mbia R iver 
Washington 20 20 

G u lf Coast 
Texas and A rkansas 44 44 

Total 696 300 170 130 1 ,296 

TABLE 9 

CASE 1 1 / 1 1 1  
REGIONAL WATER R EQU I R EM E NTS FO R PROJ ECTED ELECT R I C ITY AN D SYNTH ETI C 

FUELS PRO D U CTION TO 1 985 FROM WESTERN S U R FACE- M I N E D COAL AN D O I L  SHALE 
(Thousands of Acre- Feet Pe r Year) 

Region Electricity Synthetic Gas Synthetic Liquid Oi l  Shale Total 

Upper Colorado R iver 
Arizona 62 62 
New Mexico 1 20 40 8 1 68 
Utah 24 1 8  42 
Colorado 1 1 2 1 1 2 

Subtotal 206 40 8 130 384 

Upper Missouri R iver 
M ontana 1 48 66 2 1 4  
North Da kota 98 20 1 1 8 
South Da kota 20 20 
Wyoming 1 60 34 1 3  207 

Subtota l 426 120 1 3 559 

Colu mbia R iver 
Washington 20 20 

Gulf Coast 
Texas and A rka nsas 44 44 

Tota l 696 1 60 21 1 30 1 ,007 
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TABLE 1 0  

CASE IV 
R E G I O NAL WATE R R E QU I R EM ENTS FO R PROJECTE D ELECTR I CI TY AN D SYNTH ETI C 

FU E LS P R O D U CTI O N  TO 1 985 FROM WESTER N  S U R FACE-M I N ED COAL A N D O I L  SHALE 
(Thousands of Acre- Feet Per Year) 

Region � lectricity Synthetic Gas Synthetic Liq u id Oi l  Shal e  Total 

Upper Colorado River 
Arizona 62 62 

New Mexico 120 20 140 

Utah 24 18 42 

Colorado 112 112 

Subtota l 206 20 1 30 356 

Upper Missouri River 
Montana 148 10 158 

North Dakota 98 15 113 
South Dakota 20 20 
Wyoming 160 21 181 

Subtota l 426 46 472 

Columbia River 
Washington 20 20 

Gulf Coast 
Texas and Arkansas 44 44 

Tota l 696 66 1 30 892 
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Chap t e r  Thre e  

UPPER COLORADO R IVER BAS I N  WATER AVA I LAB I L I TY 

The ava i l ab i l i ty o f  wa t e r  fo r ene r gy deve l opment in the Upp e r  
Co l o rado River Bas in i s  a comp l ex s ub j e c t . S t a t e  l aw ,  f e d e r a l  l aw 
and regu l a t i ons , int e r s t a t e  c omp a c t s  and int e rna t i o n a l  t r ea t i e s  a r e  
sup e r impo s e d  o n  t he p hy s i c a l ly ava i l ab l e  wa t e r  r e s ource . Furthe r , 
the monthly  and annual  var i a t i on i n  the na tur a l  sup p l y  i s  l a r g e , 
requ i r ing c arry - ove r s t orage  capac i ty t o  deve l op the  r e s our c e  t o  
i t s max imum po t e n t i a l . 

Of the s eve ra l pub l i s hed  and p rop r i e t ary ana l y s e s  o f  the  wa t e r  
supply in t h e  Upp e r  Co l o rado Re g i on wh i ch we r e  ava i l ab l e  t o  the 
Ta s k  G roup , the Upp e r  Co l o rado Re g i on S tudy p rep a r e d  by the Wat e r  
Re s ourc e s  Counc i l  i n  1 9 7 1  i s  b e l ieve d  t o  p r o v i de the mo s t  de t a i l e d 
and l e a s t  controve r s i a l  i n t e rp r e t a t ion . Th i s  s tudy was b a s e d  on 
a framewo rk p l an de s i gne d to me e t  reg i ona l ly  i n t e rp r e t e d  O f f i c e  o f  
Bus i ne s s  Ec onomi c s - - Economi c Re s e arch S e rv i c e  r e qu i r ement s mo d i f i ed 
to  f i t  l o c a l  cond i t ions  in  the reg i on . S in c e  the b as i c  framewo rk 
p l an did not ful ly  s a t i s fy the ind i v i dua l s t a t e s , a l t e rna t ive  s t a t e  
p l an ( s )  wer e  deve l op e d  fo r inc lus ion in the  rep o r t . 

The f i r s t s t a t e  a l t e rnat i ve i s  b a s e d  on a 6 . 5 MMAF/ Y deve l op ­
men t l evel  fo r the Upp e r  Co l orado Re g ion . I t  i s  the  i dent i c a l  
leve l u s e d  in t he b a s i c  framewo rk s tudy b u t  wi th  a p ro j e c t e d a l l o c a ­
t ion o f  wat e r  t o  t he s everal  c l as s e s  o f  us e s  b a s e d  o n  t h e  p o t en t i a l  
ne eds o f  each o f  t h e  s t a t e s  regarding the dev e l opment o f  t h e  s ta t e ' s  
mineral  r e s ource s ,  including e l e c t r i c  p owe r genera t i on . The frame ­
wo rk s tudy inc lude s p r o j e c t i ons to  y e a r s  1 9 8 0 , 2 0 0 0  and 2 0 2 0 , nec e s ­
s i t a t ing s ome in t e rp o l a t ion t o  arrive a t  1 9 8 5  f i gu r e s . 

' At t ach e d  as App endix F i s  an extract  from the Upp e r  C o l o r ado 
Re g ion S tudy . I n c l uded are Tab l e s  2 8  and 3 1  and the  t ext d e s c r ib ing 
the s t a t e s ' a l t erna t ives  to  the Fr amewo rk P l an a t  the  6 . 5  and 8 . 1 6 
MMAF l eve l o f  deve l opment . 

The Ta s k  Group ' s  app roach has b e en t o  cons i de r  the  ind i c a t e d  
framewo rk wat e r  ava i l ab i l i ty fo r t h e  ye ar  2 0 0 0  in  r e l a t i on s h i p  t o  
the 1 9 8 5  requ i r emen t s  fo r ene rgy . The no rma l p r oduc ing l i fe o f  
p l ant s , whi c h  commence op erat ions in t h e  1 9 8 0 - 1 9 8 5  p e r i o d , wi l l  e x ­
tend t o  b eyond t h e  y e a r  2 0 0 0 . Furthe r ,  i f  t h e  wa t e r  i s  cons i de r e d  
t o  be  l e g a l ly and p hys i c a l l y ava i l ab l e  i n  t he y e a r  2 0 0 0 , p r e sumab ly 
i t  can  b e  made ava i l ab l e  at  an  e ar l i e r  da t e  by  acc e l e r a t ing c on ­
s t ruc t ion o f  s t o r a g e  fac i l i t i e s o r  o therwi s e  exp e d i t ing i t s  deve l op ­
ment . 
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SUPP LY 

Chap t e r  Four 

UPPER COLORADO R I VER 
I NDUS TR I AL WATER REQU I REMENTS F OR 
PROJ E C TED 1 9 8 5  ENERGY DEVE L OPMENT 

Gene ral ly , the p o t ent i a l  to  meet  p ro j e c t e d  ene r gy p l ant wa t e r  
requiremen t s  for  1 9 8 5  in t h i s  b a s in i s  g o o d . I n  o r d e r  t o  avo i d  
temporary de f i c i enc i e s , however , cons t ruc t i on o f  s ome maj o r  s to r ­
age p ro j e c t s  wi l l  b e  nec e s s a ry .  Mo reover , the wat e r  qua l i ty var i e s  
due t o  the con t r i but i on o f  l ar g e  concent ra t i on s  o f  d i s s o lved s o l i ds  
from na tura l r e s our c e s . 

Tab l e  8 in Chap t e r  Two shows a Ca s e  I wa t e r  r equi r ement of  
3 9 6  MAF/ Y in a l l  s ta t e s  t r i butary to  the  Upp e r  Co l o r ado  R i v e r , e x ­
cep t Wyoming . Of  t h e  t o t a l , 5 2  p e r c ent wi l l  b e  requi r e d  fo r e l ec ­
t r i c a l  g en e ra t i on , 1 5  p e r c ent fo r c o a l  conve r s i on and 3 2  p e rc en t  
fo r o i l s ha l e  deve l opment . 

Wyoming i s  l e ga l ly en t i t l e d to a l ar g e  s ha r e  o f  Co l o r ado River 
wat e r  and has a l l o c a t e d  mo re that 1 5 0  MAF / Y t o  energy us e s . S inc e 
many o f  the s t a t e ' s  fue l  r e s our c e s  are  found in the  Mi s s our i River 
Bas in , the s t a t e ' s  s i tuat i on is  ana l y z e d  in that  s ec t i on of  t h i s 
repo r t . A comp a r i s on o f  the s e  requ i r ement s fo r a l l c as e s  w i t h  the 
ind i v i dua l s t a t e ' s  own p ropo s ed a l l o ca t ion of  wa t e r  und e r  the 
s t a t e s ' a l t e rna t i ve p l an at  t he 6 . 5  MMAF l ev e l  ( Up p e r  Co l o rado 
Re g ion Study ) is  s hown in Tab l e  1 1 , 1 2  and 1 3 . 

Ar i z ona ' s  Upp e r  Co l o rado River t o t a l  a l l o c a t i on o f  5 0  MAF/ Y 
fal l s  short  of  the 6 2  MAP demand by ene rgy p ro j e c t e d  in  the  p r e s ­
ent s tudy even b e fo r e  the  as s i gnment o f  7 . 6  MAP t o  a g r i cu l ture and 
8 MAP to  mun i c i p a l  and o ther us e s  unde r the s t a t e ' s  a l t e rna t ive 
p l an . Th i s  p o t ent i a l  s ho rtage  o f  2 7 . 6  MAF/ Y c ou l d  b e  made up from 
the s t a t e ' s  ent i t l ement of  Lowe r Co l o rado Rive r wa t e r . I n  the  a l ­
t e rna t i ve p lan , t he 1 . 4  mi l l i on ki l owa t t s  o f  gene r a t ing c ap a c i ty ,  
to whi ch t h i s  s ho r t fa l l was a l l o c a t ed , wou l d  have t o  b e  t r ans ferred  
in s ome manne r - - e i th e r  by phys i c a l  movement of  coal  or  by wa t e r  
transfer  unde r  int e r s t a t e  comp a c t , o r  b y  o the r dev e l opmen t . 

New Mex i c o ' s  a l t e rnat ive p l an for  the y e a r  2 0 0 0 , und e r  the 
6 . 5 MMAF l eve l , a l l o c a t e d  90  MAP t o  e l e c t r i c a l  p owe r and 1 7 . 4  MAP 
to mine r a l  deve l o pment , about 8 5  MAP b e l ow the r e qu i r emen t s  o f  the 
current NPC p ro j e c t ions . Th i s  app arent s h o r t fa l l  c o u l d  be me t by 
a t empo r a ry ( fo r  t he l i fe o f  the p l ant ) t r an s f e r  o f  i rr i ga t i on 
wa t e r , o r  by t he e a r l i e r  us e o f  wa t e r  wh i c h  the s t a t e  a l t e rna t ive 
p l an con t emp l a t e d  deve l op ing b e twe en the year 2 0 0 0  and 2 0 2 0 . Phys ­
i c a l  t rans f e r  of co al a c ro s s  s t a t e  l ine s o r  t r an s f e r  o f  wa t e r  unde r  
futur e comp a c t  t e rms are  a l s o  po s s i b i l i t i e s . 

A p o s s i b l e  fur the r al t erna t ive wou l d  b e  t o  o b t a in wat e r  from 
the mo re than 2 0 0  t ho us and add i t i ona l a c r e - fe e t  t o  whi ch New Mex i c o  
wou l d  b e  ent i t l e d unde r  t he more op t imi s t i c  8 . 1 6 MMAF l eve l o f  
deve l opment . I t  i s  conc luded tha t  sub j e c t  t o  the  p r i o r i t i e s  wh ich  
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TAB LE 1 1  
CASE I 

U PP E R  COLORADO R IV E R  
WATE R S U P PLY/ D E MAN D 

(Thousands of Acre-Feet Per Year) 

Ariz. N . Mex. Utah Colo.  

Projected Water Requirem ent 
fo r Energy ( C o nsu m ptive Use) 

Electricity 62 1 20 24 
( C oa l-fired plants only)  

Coa l  60 
Oil  S ha l e  1 8  1 1 2 

Tota l 62 180 42 1 12 

Apparent Water Avai labi l ity* 

Electric Power 34. 1  90 .0 261 .8  1 08.2 
Minera ls .3  1 7 .4 1 0. 3  1 28.3  
Argicu ltu re 7.6 329. 0  660.6 1 ,778.2 
Other 8.0 141 .3 31 4.0  1 ,004.7 

Tota l 50.0 517.7 1 ,246.7 3,01 9.4 

Note: Wyoming's Colorado River entitlement is  considered in Chapter Seven of this study. 

* From Upper Colorado River Framework Study - States' Alternatives at the 6.5 M MAF level to year 2000. 

TABLE 12 

CAS ES I I I I I  I 
U PP E R  COLORADO R IV E R  

WATER S U PPLY/ D E MAN D 
( Thousands of Acre-Feet Per Year) 

Ariz .  N . Mex. 

Projected Water Requirement 
for Energy ( Co nsu m ptive Use) 

Electric ity 
( Coa l-fi red pla nts only)  

Coal  

Oi l  S ha l e  

Tota l 

Apparent Water Avai labi l ity* 

Electric Power 

Minerals 

Agricu ltu re 

Other 

62 1 20 

48 

62 1 68 

Utah 

24 

1 8  

42 

261 .8  
1 0 .3  

660 . 6  
3 1 4 . 0  

Tota l 

34. 1  
.3  

7 .6 
8.0 

50.0 

90 .0 
1 7 .4 

329.0  
1 41 .3  
fil7.7 1 ,246.7 

Note: Wyoming's Colorado River entitlement is considered in Chapter Seven of this study. 

Colo . 

1 1 2 

1 12 

1 08.2 
1 28 . 3  

1 ,778.2 
1 ,004.7 
3,019.4 

* From U pper Colorado River Framework Study - States' Alternatives at the 6.5 MMAF level to year 2000. 
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Total 

206 

60 
1 30 

396 

494. 1 
1 56.3 

2,775.4 
1 ,468. 0  

4,893.8 

Total 

206 

48 
1 30 

384 

494. 1 
1 56.3 

2,775.4  
1 ,468.0  
4,893.8 



TA BLE 13 

CASE IV 
U PP E R  COLO RADO R I V E R  

WATE R S U P P LY/ D E M A N D  
(Thousa nds o f  Ac re- Feet P e r  Yea r)  

Ariz. N. Mex. Utah Colo. 

Projected Water Req u i re ment 
fo r Energy ( Consu m ptive U se) 

Electricity 62 120 24 

( Coal-fired plants only) 

Coal 20 

Oil Shale 18 112 

Tota l 6 2  1 40 42 1 12 

Appa rent Water Avai labi l ity* 

Electric Power 34.1 90 .0  261 .8  108. 2  

Minerals .3 17. 4  10 .3 128 . 3  

Agriculture 7.6  329.0 660 .6 1,778.2  

Other 8.0 141 .3 314 .0  1,004.7  

Total 50. 0 fil7. 7 1 ,246. 7 3,01 9. 4  

Note: Wyoming's Colorado River entitlement is considered in Chapter Seven of this study. 

* From Upper Colorado River Framework Study - States' Alternatives at the 6 .5  M M A F  level to year  2000. 

Total 

206 

20 

130 

356 

494.1 

156.3  

2,775.4 

1.468.0  

4,893. 8  

i t  may w i s h  t o  a s s i gn i t s  fu ture deve l opmen t ,  New Mex i c o  c an have 
the wat e r  to me e t  i t s  p r o j e c t ed requ i r emen t s . 

Utah , wh i ch may requ i re only 4 2 MAF fo r e l e c t r i c i ty and o i l  
sha l e  deve lopment , has a l l o c a t ed 2 6 1 . 8  MAF fo r e l e c t r i c a l  genera t i on 
and 1 0 . 3  MAF for mine ra l s  in  the year 2 0 0 0  unde r i t s  a l t e rna t ive 
p l an .  Ava i l ab i l i ty of  thi s l a rge quant i ty of wat e r  could influence 
the .t iming and l e ve l of ene rgy dev e l opment i n  the s t a t e . I f  the 
s t a t e ' s  minera l r e s ou r c e s  are  insuff i c i ent t o  r equ i r e  a l l of  i t s  
ava i l ab l e  wat e r , then p hys i c a l  imp o r t a t ion o f  mine ra l s  ( c o a l ) o r  
exp o r t  o f  wat e r  (unde r approp r i a t e  · comp ac t  t e rms and wi t h  equ i t ab l e  
b ene f i t  a l l o c a t ion ) w i l l  o f fer a mean s  o f  me e t ing requ i red energy 
deve l opment . 

Co l o rado ' s  p ro j e c ted r equiremen t s  ( s hown i n  Tab l e  1 1 )  a r e  1 1 2  
MAF fo r o i l  s ha l e dev e l opment . In  the s t a t e ' s  a l t e rna t i v e  p l an , 
Co l orado a l l o c a t e d  1 0 8 . 2  MAF to  e l ec t r i c a l  genera t i on and 1 2 8 . 3  
MAF t o  min e ra l s , fo r a t o t a l  o f  2 3 6 . 5 MAF fo r a l l mine r a l  deve l op ­
ment . E l s ewhe r e  in tha t  r ep o r t , i t  i s  s hown that  Co l o r ado ' s  s p e c ­
i fi c  a l l o ca t i on fo r o i l  s h a l e  wa s 9 7  MAF and 1 5  MAF fo r a " c o a l  by ­
p roduc t s  p l an , " fo r a t o t a l  o f  1 1 2  MAF . The re s e ems l i t t l e  doub t 
tha t  wat e r  wi l l  b e  l e g a l l y  and p hys i c a l l y  ava i l ab l e  in Co l o rado to 
me e t  the l eve l of ene rgy deve l opment p r o j e c t ed through 1 9 8 5 . 

3 3  



The s t a t e - by - s t a t e  s i tua t i on i s  s umma r i z e d b e l ow :  

• Ar i zona - - Potenti a l  shortage  o f  2 8  MAP ( 1 . 4 thous and MW) o f  
wat e r . Al t e rna t i v e s  exi s t  but are  l imi te d . 

• New Mex i c o - - Po t ent i a l s ho r t ag e  o f  8 5  MAP . Conve r s i o n  o f  
i r r i ga t i on a l l o c a t ion and o th e r  a l t e rna t i v e s  c o u l d  me e t  t h i s  
requi r emen t . 

• U t ah - - Adequat e supp ly to  me e t  p r o j e c t i on . 

• Co l o rado - - Adequa t e  s upp ly to  me e t  p r o j e c t i on . 

• Wyoming - - S e e  Upp er  Mis s our i River Bas in Ana lys i s . 

Supp ly Cons i de r a t i ons 

F o r tuna t e l y , mos t of the o i l  sha l e and c o a l  r e s ourc e s  of t he s e  
four s ta t e s  are  r e l a t ive l y  c l os e  t o  the Col o r ado River  o f  i t s  p r in ­
c ip a l  t r i bu t ar i e s . Some l im i t e d  quant i ty o f  wat e r  i n  e a c h  o f  t he s e  
s ta t e s  i s  now ava i l ab l e  for e a r l y  diver s i on unde r  d i r e c t  f l ow r i ght s 
o r  exi s t ing s to r a g e  r e s e rvo i rs . In mo s t  ca s e s , howeve r , maj o r  s t o r ­
age p r o j e c t s  w i l l  b e  requ ir e d  t o  provide a dep endab l e  d ay - t o - day 
supp ly of wat e r  to me e t  the ful l  1 9 8 5  p ro j ec t e d  r equ i rement s .  Such 
s to ra g e  p ro j e c t s  wi l l  requ i r e  long l e ad t ime s ( 1 0  or mo r e  y e a r s ) 
fo r l e ga l  and t echn i c a l  eva luat i on fo r cons t ruc t ion and f o r  fi l l ­
up . The s e  l ong l ead t imes d i c t at e  tha t  the f i r s t s t e p s  o f  p ro j e c t 
p l ann ing b e  i n i t i a t ed in the imme d i a t e  future i f  the  1 9 8 5  p ro j ec t ed 
requ i r emen t s  are  t o  b e  m e t . 

Whi l e  sp ec i fi c  p l ant s i t ing i s  no t the i n t en t  o f  t hi s s tudy , 
i t  mus t b e  p o i n t e d  out t ha t  a s i gn i f i c ant l o g i s t ic s  p r ob l em r e l a t ing 
to  wa t e r  exi s t s  in  the area  b e twe en the d i v e r s i o n  wo rks on the  
s t re ams and the p o int  of  phys i c a l  us e a t  the p l an t  s i t e . I n  a lmo s t  
eve ry ins t anc e , wa t e r  wi l l  need t o  b e  moved t o  mine - mouth p l ant s , 
or  mine ra l s  wi l l  n e e d  to  b e  moved t o  the wa t e r . I n  e i ther event , 
the t ime , cap i t a l  and mat e r i a l s  requ i red fo r t he t r ans p o r t a t i o n  
fac i l i ty and t h e  en e rgy fo r i t s  op e ra t i on c an b e  l a rge  a n d  s h o u l d  
not  b e  ove r l o oked in eva l ua t ing po s s i b l e  cons t r a int s on a t t a inab l e  
l eve l s o f  energy deve l opment . 

The p o t en t i a l ly s e r i ous p rob l em o f  a wat e r  s up p l y  fo r o i l  
s h a l e  deve l opment b eyond 1 9 8 5  mus t  command s ome a t t en t i on . The 
l eve l of o i l  s h a l e deve l opment in Co l o r ado p r o j e c t e d  through 1 9 8 5  
o f  6 5 0  MB/ D  wi l l  requ i r e  the c ommi tment o f  only a sma l l p ar t  o f  
Co l o r ado ' s  s h a l e  r e s e rve s . I f the b a l ance o f  the s e  r e s e rve s are  t o  
b e  deve l o p e d  and u s e d  e f fe c t ive l y , a l a r g e v o l ume o f  a dd i t i on a l  
wat e r  w i l l  b e  requi r e d . N o  l o c a l  s o ur c e  of  t h i s  wat e r  i s  r e a d i ly 
ava i l ab l e , however . 

WATER QUAL I TY 

Wate r qua l i ty in  the Upp er Co l o rado River  Bas i n  i s  qui t e  var i e d . 
Of the t o t a l  am ount o f  d i s s o l v e d  s o l i d s  i n  t h e  r i v e r  s y s t em s , v e ry 
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l i t t l e i s  c ont r i b u t e d  by mun i c i p a l  o r  indus t r i a l u s e rs and only 
about 10  p e r c ent is  cont r ibut e d  by s a l ine s p r i n g s . Mo s t  o f  the d i s ­
so lved s o l ids o r i g ina t e  from natur a l  s ourc e s  and from s a l t s  d i s ­
s o l ved from i r r i ga t e d  l ands . Hi s t o r i c a l l y , the aver a g e  amount o f  
di s s o lved s o l ids  measured  a t  Le e s  F e r ry , Ar i z on a , i s  about 5 5 0  
mi l l i g rams p e r  l i t e r  (mg/1 ) . 

Wa te r e l s ewhere  in t he Ba s in va r i e s  c o n s i derab l y  in c o n c en t r a ­
t i on o f  di s s o lved s o l i ds from the Ma in S t em . A maj o r  de t e rm i nant o f  
the chemi cal  qua l i ty o f  the t r ibut ary s t r e ams i s  du e t o  the  typ e o f  
ro cks und e r l y ing th e Bas i n . He adwa t e r  s t r e ams c l o s e  t o  the  Con t in ­
ent a l  Divide , und e r l a in by r e s i s tant rocks , may c on t a in l e s s  than 
2 0  mg/1 o f  d i s s o l ved s o l i ds . Wa t e r s  in  cont a c t  wi th  the mo r e  s o l ­
ub l e  Cretac eous and o l de r  rocks  o f  the m i d d l e p o r t i o n  o f  t h e  Co l ­
or ado Riv e r  Bas in may cont a in in exc e s s  o f  2 , 0 0 0  mg/1 . 

A numb e r  o f  the wat e r  qua l i ty prob l ems in the  Bas i n  have im ­
p l ica t i ons  fo r pub l i c  he a l t h . The s e  include d i s p o s a l  o f  uran i um 
t a i l ing s ; the h i g h  d i s s o lved s o l i d s  in  dr inking wat e r  and the  h i gh 
l eve l s  o f  fluo r i d e  and ars en i c  in some o f  the  wa t e r . 
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Chap t e r  F ive 

THE COLORADO RIVE R  C OMPACT 

The C o l o rado Rive r Comp ac t , app rove d by C ongre s s  Ap r i l  6 ,  1 9 4 9  
( 6 3  S t at . 3 1 ) , r e gu l at e d  the u s e  o f  wat e r  in the  C o l o r ado River 
Bas in . I t  encomp a s s e s  the wat e r  r i ght s  o f  Ar i z ona , C a l i fo rn i a , 
C o l o r ado , Nevada , New Mex i c o , U t ah and Wyoming . A l l o f  the r e g i ons ' 
c o a l  r e s erve s are concent r a t e d  in the Upp e r  B a s in in the p o r t i on o f  
t h e  C o l or ado Rive t dra inag e area  above L e e s  F e rry , a p o int  in  no r t h ­
e a s t e rn Ar i z ona up s t r e am from Grand Canyon N a t i on a l  P ark . 

The C o l o r ado River  C omp a c t  a l l oc a t e s  the annua l  b e ne f ic i a l  
consump t ive us e o f  7 . 5 MMAF t o  the Upp e r  B a s in ( the ar e a  ab ove L e e s  
Ferry)  and 8 . 5  MMAF t o  the Lowe r Bas in ( the a r e a  b e l ow L e e s  Fe rry) . 
Howeve r ,  i t  ob l i g at e s  the four s t a t e s  o f  the  "Upp e r  D iv i s i on"  
( C o l orado , New Mex i c o , U t ah and Wyom ing ) n o t  t o  dep l e t e  the f l ow o f  
t h e  C o l o rado River  a t  L e e s  F e r ry b e l ow a n  ag g r e g a t e  o f  7 5  MMAF in 
e ach p e r i od of 1 0  years , c a l cu l at e d  in cont inu ing p ro g r e s s ive  
s e r i e s . I t  further ob l i ga t e s  the s e  s t a t e s  t o  furn i s h one - ha l f  o f  
the quant i ty o f  any int e rnat ional  ob l i g a t i on t o  Mex i c o  und e r t aken 
by the Un i t e d  S t at e s  to the extent that such ob l i g a t i on cann o t b e  
supp l i ed from t he who l e  Bas in ' s  supp ly " surp l u s " t o  t h e  f or e g o ing 
a l l o ca t i ons  o f  8 . 5  p lus  7 . 5 MMAF annua l ly .  The r e  i s  an unr e s o lved 
l e g a l  que s t i on as  t o  whe ther the L ower B a s in t r ibut ar i e s  s hou l d  be  
inc luded in the app o r t i onment o f  the Mex i c an o b l i g at i on s . 

Wh i l e  avo id ing l e g a l  int e rp r e t a t i ons  in p romu l g a t ing r e gu l a ­
t i ons for the l ong - r ang e operat ion o f  L ake P owe l l  and L ake Me a d  
( 1 9 6 8 ) , t h e  Depar tmen t  o f  t he I n t e r i o r  has  a s sumed t h a t  t he r e gu ­
l a t e d  r e l e a s e s  a t  L e e s  F e r ry mu s t  ave r ag e  8 . 3 MMAF , and that  the 
qu ant i ty ava i l ab l e  f o r  con sump t ive us e in the  Upp er B a s in  is the 
re s idue a f t e r  sub t r ac t ing th i s  f igure fr om t he ave r a g e  " v i r g in 
f l ow" at L e e s  F e rry . * The ave r ag e s  for var i ous p e r i o d s  vary 
great ly , and s e l e ct i on o f  the b a s e  p e r i o d  i s  a ma t t e r  o f  j udgment 
on wh ich  exp e r t s  d i ff e r . The upp e r  d iv i s i on s t a t e s  have arr ived at 
a re s i dua l quan t i ty of 6 , 5 4 5 . 5 MAP o r , a ft e r  subtra c t ing  main 
s tream re s e rvo i r  evap or a t i o n  wa t e r  l o s s e s  of 6 6 0  MAF , 5 , 8 8 5 . 4 MAP 
ava i l ab l e  annu a l ly for  use at s i t e . The L owe r Ba s in s t a t e s  ar r ive  
at a l e s s er qu ant i ty ava i l ab l e  for Upp er  B a s in u s e . Th i s  d i f f e r ­
enc e wou ld  n o t  affe c t  t he T a s k  Group ' s  c onc lu s i on s  app r e c i ab l y  
b e c aus e o f  t h e  very l arge  quant i t i e s  a l l o c a t e d  t o  ag r i cu l tu r a l  us e 
wh ich  are tran s f e rab l e  t o  the r e l a t ive ly sma l l  amoun t r equ i r e d  f o r  
t h e  supp ly o f  p r o j e c t e d  indu s t r i a l  us e s . 

* The ave r a g e  v i rg in f l ow i s  the quan t i ty wh i c h , i t  i s  e s t i ­
ma ted , wou l d  be  f l owing at L e e s  Fe rry in any g iv en y e a r  i f  a l l 
man - made dep l e t i ons o f  the f l ow had never t aken p l a c e . The s e  c a l ­
cu l a t e d  quant i t i e s  o f  v i rg in f l ow at L e e s  F e r ry are  pub l i s he d  by 
the U . S .  G e o l og i c a l  Survey . 
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UPPE R  BAS I N  

The Upp e r  C o l o r ado B asin C omp a c t  c on c e rns w a t e r  r ights among 
Ar i z on a , C o l o r ado , New Mex ic o , U t ah and Wyom ing . I t  app o r t i ons 
c onsump t ive  use of 5 0  MAF/Y to Ar i z ona and t h e  r ema inder as fo l l ows: 

• T o  C o l o r ado 5 1 . 7 5 p e r cent 

• T o  New Mex i c o  1 1 . 2 5 p e r cent  

• T o  U t ah 2 3  p e r cent 

• T o  Wyom ing 1 4  p e r cent 

App l y ing these p e r c en t ages to 5 , 8 8 5 . 4  MAF , 
ava i l ab l e  at  si t e  of  

, e  Ar i z on a  

• C o l o r ado  

• New Mex i c o  

• U tah 

• Wyom ing 

use in e ach st a t e  

5 0 , 0 0 0 AF 

3 , 0 1 9 , 8 2 0  AF 

6 5 6 , 4 8 2  AF 

1 , 3 4 2 , 1 4 2  AF 

8 1 6 , 9 5 6  AF 

wou l d  b e :  
t h e  quant i t i es 

No t consi d e r e d  ar e the possib l e  incr e ases in  these a l l o c a t i ons 
resul t ing from augment a t ion of t he C o l or ado River by imp o r t a t i ons 
from ano ther b asin , we ather mo d i f i c at i on , inst a l l a t i on of desa l ina ­
t i on p l ants , o r  d iminu t i ons whi ch m i gh t  resu l t from de l ive r i e s  t o  
Mex i c o  t o  ame l i o r a t e  comp l a ints b y  the Mex i c an Government over  the  
qua l i ty o f  wat e r  r e aching the boundary . The p ossi b i l i ty of  augmen ­
t a t i on i s  p r ov id e d  for in  the C o l or ado River S t o r ag e  P r o j e c t  Ac t 
( 8 2  S t a t . 8 9 6 ) . The f irst incr e ase in supp ly so o c c asi oned is e ar ­

marke d  for  re l i e f  from the  Mex i c an Treaty  o b l i ga t i ons . Current l y , 
water i s  b e ing d e l ive r e d  t o  Mex i c o  in excess o f  the  1 . 5  MMAF t r e aty 
guarant e e , in r e co gn i t i on o f  Mex i c o ' s  wat e r  qua l i ty p rob l em .  
(Minu t e  2 1 8 , I n t e rnat i on a l  Boundary and Wat e r  C omm i ssi on , U . S .  and 
Mex i c o . )  

C o l o r ado 

Deve l opment of the p r inc ip a l  o i l  sha l e  are as in  C o l o r ado wou l d  
ut i l i z e wat e rs o f  the ma in st re am o f  the C o l orado  River  and o f  the  
Wh i t e  River , a t r i bu t ary o f  the Green River . Th ese uses wou l d  t hus 
be contro l l ed by the C o l o r ado R iver C omp a� t  and the  Upp er  C o l or ado 
River Comp a c t . 

The st a t e  has est imat e d  C o l orado ' s  " v i r g in  p r o duc t i on"  o f  
wat e r  me asu r e d  a t  t h e  st a t e  l ine t o  b e  an ave rage  o f  1 1 , 4 6 0  MAF . 
This v i r g in p rodu c t i on is the quant i ty t h a t  wou l d  b e  p resent in  
the str e ams or i g inat ing in the C o l o r ado River B asin in  C o l or ado as 
they f l owe d out of the st at e in the absenc e  of ac t iv i t i e s  o f  m an . 
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The e f f e c t  o f  the two c omp a c t s , a s  summar i z ed e ar l i e r , i s  t o  l im i t  
C o l orado t o  the consump t ive us e o f  a much l e s s er quant i ty ,  e s t i ­
ma t e d  by th e s ta t e  t o  b e  about 3 , 0 1 9  MAP annu a l l y  a t  s i t e  o f  u s e . 
Thu s , of  the quant i ty o f  water  o r i g inat ing in the  C o l orado , an 
average  o f  8 , 4 0 0  MAP , o r  ab out 7 4  p e r cent , mu s t  b e  a l l owed t o  f l ow 
out , l e aving only 2 6  p e rc e n t  ava i l ab l e for c o n s ump t ive  us e in  the 
s t ate . 

C o l o rado has  made no a l l o c at i on o f  the C omp ac t  bu rden among 
the f ive r iv e r s  wh i c h  c ar ry wa t e r  out of the s t a t e  enrou t e  to L e e s  
Ferry . The s e  are the G re e n , Wh i t e , Co l orado , D o l o r e s  and S an Juan 
River s .  The S an Ju an R iv e r , a l though o r i g inat ing in New Mex i c o , 
r e c e iv e s  a ha l f - do z en r iv e rs or i g inat ing in C o l o rado . I t  then 
en t e r s  C o l o rado and f l ows a short d i s t ance  ac r o s s  the  s ou t hwe s t  
corner o f  that s t a t e  b e fore  en t e r ing U t ah . I t  has b e en a s s umed f o r  
t h i s  d i s cus s i on that t h e  C omp a c t  burden i s  app o r t i o n e d  on a p ro ­
rat a b a s i s  among the s e  f ive r iv e r s . 

New Mex i c o  

I t  i s  e s t imat ed that 6 5 6  MAP o f  wat e r  s upp l y  f r om t h e  C o l o r ado 
River are ava i l ab l e  for annua l  consump t ive u s e  a t  s i t e  in New 
Mex i co . I t  app e a r s  that about 6 0 0  MAF o f  t h i s  s upp l y  have b e en 
comm i t t e d  a l though much o f  i t  has not ye t b e en put t o  us e .  

The comm i tmen t s  are a s  fo l l ows ( in thou s and s o f  ac r e - fe e t )  a t  
s i te  o f  u s e : 

Navaj o Re s e rvo i r  evap o r a t i on l o s s e s 

F e der a l ly autho r i z e d  r e cre at i on p roj e c t s : 

Hammond 
San Juan - C hama 
Navaj o Indi an s  
An ima s - L aP l at a  

I ndus t r i a l  c ontrac t s  au tho r i z e d  by 
Congr e s s  ( dep l e t i on s  at  s i te  of us e )  

Pub l i c  S e rv i c e  C o . o f  New Mex i c o  
Southe rn Un ion G a s  Comp any 
U t ah C on s t ru c t i on C omp any 

Non - f e d e r a l  us e s  

Ex i s t ing 
Au thor i z e d : Town of F arming ton 

T o t a l (round ed)  

1 0  
1 1 0  
2 6 0  

3 5  
4 1 5  

1 6 , 2 0 0  
s o  

3 4 , 3 0 0 
5 0 , 5 5 0  

1 0 0  
5 

1 0 5  

3 0  

4 1 5  

5 0 . 6  

1 0 5  

6 0 1  

The unc omm i t t e d  marg in i s  thus , at  mo s t , app rox ima t e l y  5 5  MAF . 
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P o l lut i on 

Wat e r  cont r ac t s  i s su e d  by the S e c re t ary o f  the  I n t e r i o r  con ­
t a i n  p ro vi s i on s  t o  cont ro l wat e r  p o l lu t i on . F o r  examp l � , e ach 
e l e c t r i c  gene r a t i on c on t r ac t  p rovide s that  the re turn f l ow of  w a t e r , 
dive r t ed unde r the cont r ac t , may no t incre as e the  concent r at i on o f  
d i s s o lved  s o l id s  in  the S an Juan River an ave r a g e  o f  mo re t h an 1 0 0  
p ar t s p e r  m i l l i on (ppm) when the r iver  f l ow ave r ag e s  mo r e  t h an 2 0 0  
cub i c  fe e t  p e r  s e cond . 

I n  J i a ar i l l a In di an s  vs. Mor ton , the U . S .  D i s t r i c t  Cour t o f  
Ar i z on a ( C iv .  7 1 - 5 6 5  PHX - WC F )  entered  a s umma ry j udgment , March 1 5 , 
1 9 7 2 , d i sm i s s ing a s u i t  by a number of  p ar t i e s , inc lud ing I nd i ans  
in t he Navaj o are a , who  comp l a ined o f  the  p o l lu t i on c au s e d  by t he r ­
ma l generat ing p l an t s  i n  the Four Corne r s  are a (New Mex i c o , Ar i z ona , 
U t ah , C o l o r ado ) , among o ther s i t e s . The C ourt , in  i t s  f ind ing s and 
c onc lus ions , found that  t he incre as e of s a l t  content  of the  C o l o r ado 
River ( 1  p e r c en t  at  t he Mex i c an b o r de r )  in cons equence o f  d im inu t i on 
o f  the  f l ow o c c as i oned by th i s  u s e  o f  wat e r  f o r  c o o l ing was d e  
m in imi s .  The c a s e  has  b e en app e a l e d . 

Sh ipment o f  C o a l  F r om New Mex i c o  to  P o t en t i a l  P l an t s  in Nevada , 
Ar i z ona  and C a l i fo rn i a  

I n  the  even t that  wat e r  c anno t  b e  made ava i l ab l e i n  N ew Mex i c o  
i n  adequ a t e  quant i t i e s  f o r  p ro c e s s ing o f  c o a l  from t h e  F our C o rners  
ar e a , it  may b e  p o s s ib l e  t o  move c o a l  from t ho s e  s our c e s  t o  p l an t s 
in Nevada , Ar i z on a  and C a l i forn i a  on t he m a in s tr e am o f  the  C o l o ­
rado R iv e r . C o a l  i s  now b e ing moved b y  s lurry p ip e l ine from nor t h ­
e as t e rn Ar i z on a  t o  t h e  Mo j ave s t e am p owe r p l an t  i n  s outhern Nevada . 
As d i s cus s ed in t he fo l lowing s e c t i on on t he Lower B a s in , i t  app ears  
that  adequ a t e  wat e r  supp l i e s  c an b e  made  ava i l ab l e  on the  ma in 
s t re am in the  L owe r Bas in in Ar i z ona  and C a l i fo rn i a , but  not in 
Nevada or  in t he Upp e r  Bas in p o r t ion o f  Ar i z ona . The l i ke ly s our c e s  
of w a t e r  on the  ma in s t r e am are  o n  or  n e ar a m a in l ine  r a i l ro ad 
whi c h  t r ave r s e s  the Four C o rners  are a . 

Wyoming 

The C o l or ado River  C omp a c t  prov i d e s  for the t r an s f e r  of wa t e r  
from t h e  C o l o r ado R i v e r  Bas in for p ro c e s s ing c o a l  in  Wyoming b e ­
c au s e  the  maj or  c o a l  r e s e rve$ in Wyoming a r e  s o  l o c a t e d  that  t he 
Mi s s our i , r a t h e r  t h an t he C o l o r ado R iver  B a s in , wou l d  b e  the  p rob ­
ab l e  s ource  o f  wat e r  for p r o c e s s ing . Ac c o r d ing t o  t he c a l cu l a t i on 
made by the Wyoming s t at e  author i t i e s , i t s  ent i t l ement o f  wat e r  
from t h e  C o l o r ado River  Bas i n , ava i l ab l e  i n  t h e  tr ibut ary b a s i n  o f  
t h e  G r e en River , i s  8 1 6 , 9 5 6  acre - f e e t . F o r  t h i s re a s on , the  fea s ­
ib i l i ty o f  exp o r t ing 1 0 0  MAF t o  2 0 0 MAF o f  wat e r  i s  now under 
cons ide rat i on . 
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LOWER BAS IN  

Ar i z on a  

Ar i z ona  ha s t hr e e  s o ur c e s  o f  ent i t l ement t o  wat e r s  o f  the 
C o l o rado River Sys t em: 

• Wat e r s  o f  t he t r i bu t ar i e s  ent er ing the r iv e r  b e l ow L e e s  
F e r ry un affe c t ed b y  the dec i s i on i n  A ri z on a  v s . Cal i forn i a. * 
Al l o f  thi s i s  fu l ly c omm i t t e d .  

• 5 0  MAF o f  c onsump t ive u s e  i n  t h e  Upp e r  B a s in  ab ove L e e s  
Ferry ( s e e  di s cus s i on o f  the C o l o r ado R iv e r  C omp a c t  at  the 
b e g inn ing of t h i s chap t e r ) . This is  a l s o  fu l ly c omm i t t ed . 

• 2 , 8 0 0  MAF o f  consump t ive us e o f  wat e r s  t o  b e  r e l e as e d f r om 
L ake Me ad unde r c on t r ac t s  w i th the S e cr e t ary o f  the I n t e r i or 
pur suan t  t o  the decr ee  in A ri z on a  v s . C al i forn ia .  Mo s t  o f  
t h i s  sup p l y  i s  unava i l ab l e  for c o a l  c onv er s i on b e c au s e  i t  i s  
b e ing c omm i t t e d  t o  ex i s t ing fede r a l  r e c l amat i on p r o j e c t s  on 
the ma in s t r e am (Yuma Proj e c t , G i l a  P r o j e c t , e tc . ) o r  t o  the 
C en t r a l  Ar i z on a  P r o j e c t . 

Howeve r , the Sup r eme C ourt de c i s i on made a maj o r  awar d t o  the  
Co l o r ado River I nd i an Res ervat i on ( adj o in ing P arker , Ar i z ona ) . I t  
en t a i l ed dive r s ions  o f  7 1 7 , 1 4 8  acre - fe e t  annua l ly o r  the qu an t i ty 
of  ma ins t r e am wat e r  ne ce s s ary t o  supp ly the consump t iv e  us e r e ­
qu ired for i r r i g a t i on o f  1 0 7 , 5 8 8  acre s o f  l and " and for  the s a t i s ­
f ac t i on o f  r e l a t ed u s e s , "  wh i cheve r o f  the two qu an t i t i e s  i s  l e s s . 
Th i s  quan t i ty , t r ans l a t e d  from dive r s i on r i g h t s  in t o  con sump t ive 
u s e , i s  e s t imat ed t o  b e  equival ent to  about 3 5 0  MAF o f  consump t ive 
u s e . I t  is  b e l i eved that the s e  u s e s  ar e t r ans f e r ab l e  t o  indu s t r i a l  
u s e s  w i t h in the r e s ervat i on . Th i s  water  r i ght w i th decr e e d  p r i o r ­
i t i e s  o f  1 8 6 4 , 1 8 7 5  and 1 9 1 5  ha s p r i or i t i e s  that  a r e  among the h i g h ­
e s t  o n  t h e  r iver , wh i ch a r e  t h e  "pre s ent p e rfe c t ed r i gh t s , "  f r e e  o f  
di l i g ence requ i remen t s  i n  put t ing wat e r  t o  u s e , a s  t h e  court  de ­
c i s i on s t a t e s . Ab out ha l f  o f  the de c r e e d  qu an t i ty i s  e s t im a t e d  to  
have b e en comm i t t e d  by agr i cu l tur a l  l e a s e s , l e av ing app r ox ima t e l y  
1 7 5  MAF un comm i t t e d .  Av a i l ab i l i ty o f  unc omm i t t e d  w a t e r  f o r  indus ­
tr i a l  us e wou l d  requ i r e  contrac t s  w i t h  the T r i b a l  C oun c i l  and the 
app rova l of the S e c re t a ry of the I n t e r i o r . 

Al s o  inc lude d  in the 2 . 8 MMAF i s  an award t o  the  F o r t  Mohave 
I nd i an Re s e rv at ion n o r t h  of P arker . The quant i ty is 1 2 2 , 6 4 8  a c r e ­
fee t o f  dive r s i on r i g ht s  or  the qu an t i ty n e c e s s ary t o  supp ly the  
consump t ive use  requ i r e d  for i r r i g a t i on o f  1 8 , 9 7 4 acr e s  w i th 
pr i or i t i e s  of  1 8 9 0 and 1 9 1 1 . O f  this  amoun t , ov e r  ha l f  is  e s t i ­
ma ted to  b e  uncomm i t t e d .  

* A ri z ona v s . Cal i forn i a, et aZ. , 3 7 6 - U . S . 3 4 0  ( 1 9 6 4 ) . 
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C a l if o rnia 

The  S ante  F e  Rai lway , wh i ch p as s e s  thr ough the c o a l  s ou r c e s 
in th e F our C o rne rs are a , cros s e s  the  C o l o rado Rive r at Ne e d l e s , 
C a l i fo rni a ( P ark e r ,  Ar i z on a) . Ab out 2 0  mi l e s  d own s t r e am from 
Ne e d l e s  i s  th e P a l o Ve r de I rr i g a t i on D i s t r i ct . I t  h as wate r ri gh t s  
f o r  t h e  i rr i ga t i on o f  1 0 4 , 5 0 0  acre s , whi ch i s  e qu i v a l en t  t o  ab out 
4 0 0 MAP of c ons ump t i ve us e .  Thi s  r i ght is  p rovi d e d  by a contract  
wi th the S e cre t ary of  th e I nte r i o r  and agreemen t s  w i th o th e r  C al i ­
forn i a  us e rs . I ts p r i o ri ty i s  the h i ghe s t  in C a l i fo rn i a . Wat e r  
r i gh t s  o f  p e rh ap s  1 0 0  MAP t o  1 5 0  MAF coul d b e  acqui re d b y  purch as e  
from indi v i du a l  l andown e r s  confi rme d by c o n t r a c t  w i th the D i s t r i c t  
f o r  indus t r i a l  us e wi th in the D i s t ri ct . 

Nevada 

Nevada is not a p rom1 s 1ng s i t e  fo r addi t i o n a l  new p owe r p l ants 
dep endent on Four Co rne rs c o a l  b e c au s e  the qu an t i ty of C o l o r ado 
Rive r wate r rende re d  N evada by A ri z ona v s . Cal i forn i a  ( an e qu iva ­
lent  o f  3 0 0 MAP annua l ly o f  c onsump t ive us e )  i s  s ub s t an t i a l l y l e s s  
th an the indi c at e d  demand . The p owe r p l an t  n ow u s ing  Four C o rners  
c o a l  is  s upp l i e d  b y  C o l o r ado Rive r wate r ,  p ur s u an t  to  a 3 0 - ye ar 
con t ract  wi th the S e c re t ary o f  the I n te r i o r , w i th no  as s ur an c e  o f  
renewa l . 
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Chap t e r  S ix 

UPPER M I S SOUR I  R I VER WATER AVA I LAB I L I TY 

THE NORTH CENTRAL POWER S TUDY 

Wat e r  s upp l i e s  to s uppo rt the deve l opment o f  c o a l  and l i gn i t e  
dep os i t s  i n  Mon t ana , No rth Dako t a  and Wyoming mus t  come p r ima r i l y  
from the Upp e r  Mi s s our i River Bas in . Howeve r ,  Wyoming ha s a t  l ea s t 
1 0 0  MAF/Y ava i l ab l e  from the Upp e r  Co l o rado Rive r  f o r  thi s purpo s e . 
About 2 , 8 8 0  MAF/ Y a r e  ava i labl e for mun i c ip a l  and indus t r i a l  u s e 
in the area , o f  wh ich 2 MMAF are ava i l ab l e  from ex i s t ing  re s e rvo i r s , 
ac co rding t o  j o int r e s e a rch by the U . S .  Bureau o f  Re c l ama t i on and 
a group of e l e c t r i c  p owe r comp an i e s  and mun i c ip a l i t i e s . * 

Un fo rtuna t e ly , mo s t  o f  th i s  wa t e r  i s  no t now ava i l ab l e  a t  s i te s  
imme d i a t e l y  adj a cent t o  the minab l e  depo s i t s  o f  coa l . So l ving t h i s  
prob l em wo u l d  invo l ve s ev e r a l  cons i derat i on s . F i rs t , t o  move wa t e r  
t o  the c o a l  ope r a t i ons , e i ther  ma j o r  cons t ruc t i on o f  aqueduc t s  o r  
co al - t o - wa t e r  t ran spo r t a t i on wi l l  b e  requ i re d . I n  e i ther  event , 
large c ap i ta l  inve s tmen t s  and many months o f  p r epara t i on wi l l  b e  
nec e s s ary . But n e i the r the  cap i t a l  nor t he t ime r e qu i remen t s  fo r 
wa ter  s upp l y  deve l opment wi l l  b e  l a rge in c omp a r i s on t o  requi r emen t s  
for a c o a l  conve r s i on fa c i l i ty . 

S e c ond , the a l l o ca t i on o f  the phys i c a l l y  ava i l ab l e  wa t e r  wi l l  
be de t e rmined by wat e r  r i ghts . Sp ec i f i c a l ly , such an a l l o c a t i on 
b e tween the s ta t e s  and to s i t e s  wi thin the s t a t e s , o r  t o  s p e c i f i c  
us e s  at  each s i t e , wi l l  b e  con t ro l l ed b y  the wa t er l aws and r e gu ­
l at ions o f  e ach o f  the s t a t e s , the p r ov i s ions  o f  app l i cab l e  int e r ­
s t ate  c ompa c t s , and federa l l aws rega rd ing a dmi n i s t ra t i on o f  fed ­
era l l y  financ ed and bui l t  wa t e r  p r o j e c t s . 

Thi rd , the phys i c a l  ava i l ab i l i ty o f  wa t e r  t o  any p r o j e c t  w i l l  
a l s o  b e  affec t e d  by e c onom i c  cons idera t ion s . The comb ina t i on o f  
l e gal  ava i l ab i l i ty and c o s t  o f  acqu i s i t i on and t r an s p o r t a t i on wi l l  
resul t in advan t a g e s  fo r one c o a l  dep o s i t  over ano the r . The r e fo r e , 
wa t e r  deve l opment w i l l  b e  influenced by comp e t i t i ve p r e s s u r e s . I t  
i s  b eyond the s c o p e  o f  thi s s tudy t o  int e rp r e t  the  c omp l ex l e g a l  and 
econom i c  fac t o r s  wh i ch wi l l  ul t ima t e l y  de t e rmine wh i c h  wa t e r  s ource  
wi l l  me e t  the  requi remen t s  of  p ar t i cu l ar con s um ing s i t e s . 

TR IAL ALLOCAT I ON OF WATER 

Th e Ta s k  Group has made a t r i a l  a l l o c a t i on o f  t h i s  wa t er b a s e d  
on a s s ump t i ons whi ch a r e  b e l i eved reas onab l e . Wa t e r , i n  t h e  quan ­
t i t i e s  r e f l e c t e d  in Tab l e  1 4  for the areas  s hown i n  F i gu r e  3 ,  i s  
b e l i eved ava i l ab l e  a s  a re l i ab l e  annua l s upp l y . Howeve r ,  t h e r e  are 
s e r ious  p rob l ems , di s cus s ed p revi ous l y , re garding the l e g a l  ava i l ­
ab i l ity o f  s ome o f  t h i s  wa t e r  for  us e in sp e c i f i c  l o c a l i t i e s  ( i . e . , 
ins i d e  o r  ou t s i de the dra inage b a s in  o f  the Ye l l ows tone  R i ve r )  o r  

* U . S .  Bur e au o f  Rec l amat i on , Nort h Cen t ral Pow er S t udy � Rep o r t  
o f  Pha s e  I ,  Vo l ume I ( B i l l ings , Montana , Oc t o b e r  1 9 7 1 ) . 
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TABLE 14 
WATER SU PPLY AVAILABLE FOR M U N ICIPAL AND I N D U STRIAL U S E  

(Thousands o f  Acre-Feet Per Year) 

Existing Reservoirs 

Bighorn Basin ( D ownstream of Hardin, Montana)*  
M issouri Main - Stream ( fort Peck and Garrison Reservoirs)t  

Subtotal 

Potential Reservoirs or Water Resources:!: 

Powder R iver and Moorhead Reservoir 
Tongue R iver and New Reservoir 
Little Bighorn R iver and Reservoir 
Little Missouri R iver and Reservoirst 
G reen R iver and Aqueduct to P latte R iver 
Buffalo Bill Reservoir and Enlargement 
Yellowstone River surplus flows as firmed by offstream storage reservoirs 

Subtotal 

Estimated total water resources available 

• Of this amount 775 MAF are annually optioned to industry. 

All sources except these practical for Gil lette-Colstrip development. 

Water from these reservoirs or sources except from the Little M issouri could be uti l ized in the G i l lette or 
Colstrip areas. 

§ Comparable costs to Hardin-Gil lette. 

25 0 25 

1 ,000 
1 ,000 

2,000 

1 00 
60 
40 
80 

1 00 
50 

450 § 

880 

2,880 

50 76 

SCALE O F  M I LES 

SOURCE: North Central Power Study, Vol. II (October 1971 ). 
F i gure 3 .  Water Ava i l ab i l i ty in the Upp er Mi s s o ur i  River B a s in . 
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i t s  a l l o c a t i on b e tween s t a t e s  whi ch advan c e  c o n f l i c t ing c l a ims  for 
i t s  u s e . Stud i e s  by s t ate  o r  federa l ag enc i e s  and p r iva t e  o rgan ­
i z at i ons interpret  t he s e  l e g a l  i s sue s  d i f f e r en t l y , l e a d i n g  t o  a 
pro l i ferat i on o f  e s t ima t e s  wh i c h  p romo t e  c o n fus i o n . The r e fo r e , fo r 
p l ann ing purp o s e s , t he Tas k Group ha s mod i f i e d  Tab l e  1 5  t o  show 
wha t i t  be l i eves  the  mo s t  p robab l e  a l l o c a t i on o f  the wa t e r  t o  t he 
s ta t e s . In  doing  s o , there  ha s b e en no int ent t o  i nt e rp re t  the l aw 
or de fine ind i v i dual  s t a t e  p o l i c i e s ; b o th l i t i ga t i on and i nt e r s t a t e  
compac t s  w i l l  l i ke ly b e  n e e d e d  t o  r e s o lve t he s e  i s su e s . 

TAB LE 1 5  

ALLOCATI O N  O F  U P P E R  M I SSOUR I R IV E R  B AS I N  
I N DUSTR IAL AN D MUN I C I PAL WATER AVAI LA B I LITY 

(Thousa nds of Acre- Feet Per Yea r) 

M o ntana N. Dakota S. Da kota 

Missouri River Basin 
Main Stem 500 500 

Yellowstone River Basin 
Yellowstone River Surplus 450 

Big Horn River Basin 244 

Little Big Horn River 40 

Tongue River 60 

Powder River 20 
Little Missouri River 60 20 

Colorado River Basin 
Import from Green River 

Total 1 ,314 560 20 

Wyo m i ng Total 

1,000 

450 

976 1,220 

40 

30 90 

100 120 

80 

100 100 

1 ,206 3,10 0  

Note: Revised from North Central Power Study tables by Water Availability Task G roup. See U. S .  B u reau of Reclamation, 
Appraisal Report on Montana- Wyoming Aqueducts (Washington, D . C. ,  April 1 972) ,  and letter dated J u ne 1 1 ,  1 970 from 
Harold Aldrich to Lloyd Bishop. 

The fo l l owing exc e rp t  from the No r t h  Ce n t ra l Po w e r  St u dy d i s ­
cus s e s  annua l co s t  o f  furn i s h ing wa t e r  f o r  e l e c t r i c  p owe r p l ant 
s e rv i c e  in No rth and South Dako t a , Co l o rado , Wyoming and Mont ana . 

I I I  B - 4 WATER 

PREFACE 

EXTRACT FROM 
NORTH CENTRAL POWER S TUDY 

RE PORT OF PHAS E I ,  VOLUME I 
OCTOBER 1 9 7 1 

The Wa ter  Supp l y  Ta s k  Force  i den t i f i e d  the s ou r c e  and c omp u t e d  
the co s t  o f  wa t e r  de l ivered  to  p o ten t i a l  c o a l  f i e l d s  whi c h  h a d  b e e n  
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l o ca t e d  by the C o a l  and Byprodu c t s  Tas k F o r c e . The e s t ima t e d  c o s t s  
p er  a c r e - fo o t  o f  wat e r  de l ive r e d  are  s umma r i z e d  and a r e  ba s e d  on 
Oc t o b e r  1 9 7 0  pri c e  l eve l s , inc luding l and s , r i g h t s , fac i l i t i e s  and 
financ ing . 

WATE R  RE SOURC E S  

Wa t e r  s upp l i e s  wh i c h  could  b e  us e d , o r  deve l op e d  a n d  u t i l i z e d , 
fo r  indus t r i a l  deve l opment o f  c o a l  in the G i l l e t te - Co l s t r i p  g e o graph ­
i c  area  a r e  e s t ima t e d  t o  b e  about 2 . 8  mi l l i on a c re - fe e t  annua l ly .  
About one mi l l i o n  acre - fe e t  o f  th i s  amount a r e  imme d i a t e ly ava i l ­
ab l e  from the Wind - B i ghorn sys tem and ano t he r  mi l l i on a c r e - fe e t  
from F o r t  P e c k  o r  G a r r i s on Re s ervo i r . An a ddi t i on a l  2 8 0 , 0 0 0  a c r e ­
fe e t  c an b e  deve l op e d  from p o t en t i a l  re s e rvo i r s  on the P owde r ,  
Tongue , L i t t l e  B i ghorn and L i t t l e  Mi s s our i Rive r s . I t  i s  t e chn i ­
ca l ly f e a s i b l e  t o  imp o r t  1 0 0 , 0 0 0  acre - fe e t  from the G r e en Rive r . 
Enl ar g ement o f  Buf f a l o  B i l l  Re s ervo i r  wou l d p ro du c e  an addi t i ona l 
5 0 , 0 0 0  a c r e - fe e t . Surp lus  f l ows from Ye l l ows t one  River wou l d  p r o ­
vi de a t  l e a s t  4 5 0 , 0 0 0  acre - fe e t i f  s upp o r t e d  by o ffs t r e am r e s e rvo i r s  
to exc hange wat e r  supp l i e s in p e r i ods  o f  l ow f l ow .  T ab l e  I I I  B - 4 . 1  
s hows the wa ter  supp ly by exi s t i ng and p o t en t i a l  deve l opmen t s . Ab out 
1 . 8  mi l l i on acre - fe e t  are  p o tenti a l ly ava i l ab l e  for  Co l s t r i p - G i l l e t te 
deve l opmen t . 

The Bur e au o f  Re c l amati on ha s author i z a t i o n  t o  annua l ly op t i on 
7 7 5 , 0 0 0  a c r e - fee t o f  wa t�r  t o  indu s t ry fr om the Wind - B i gh o rn Rive r 
s y s t em ,  a t  Har d i n , Montana . Contra c t s  have b e en execute d in t he 
amoun t o f  6 5 8 , 0 0 0  acre - fe e t  and r eque s t s a r e  p ending for  2 9 5 , 0 0 0  
a cr e - fe e t . I nt e r e s t  ha s been  ind i c a t e d  in an a dd i t i ona l 2 0 0 , 0 0 0  
ac r e - fe e t  o r m o r e . 

WATER REQUI REMENT S 

The annua l wat e r  de l ivery requ i r emen t s  we r e  p re d i c a t e d  on s t e am ­
p l an t s  op e ra t ing a t  8 5  p e rc ent l o ad fac t o r . The da i ly de l ive ry was 
b a s e d  on me e t ing the maximum dai ly r equi r ement . We t c o o l i ng t owe r s  
fo r d i s s ip a t ing he a t  were  c ons idered t h e  mo s t  l i ke l y  c ho i c e ; howeve r , 
c o o l ing p o nd s  and f l ow - through typ e c o o l ing were  i nve s t i ga t e d . 

The wa t e r  de l ive ry wa s a s s ume d into  a ho lding  r e s e rvo i r  a t  the 
s t e am p l an t s i te from wh i c h  wat e r  c ou l d  be wi thdr awn for b o i l e r  fe e d  
and c o o l ing  make - up wa t e r  t o  o f fs e t  evap or a t i on , b l ow down and o t her 
l o s s e s . 

Tab l e  I I I  B - 4 . 2  wh ich  p e rmi t s  a c omp ar i s on o f  wa t e r  c o s t s  b e tween 
c o a l fi e l d l o c a t i on s , wa s b a s e d  on 1 7 . 5 c . f . s .  p e r  1 , 0 0 0  me g awa t ts , 
whi c h  was j udged  t o  rep r e s en t  minimum requi rement s f o r  s te am gen ­
era t i on ,  but wou l d  enab l e  s a t i s fac tory c omp a r i s ons o f  wa t e r  c o s t s  
b e tween co a l  s i te s . 

Ta b l e s  I I I  B - 4 . 3  and - 4 . 4 , whi c h  c omp ar e  wa t e r  c o s t s  a t  the 
G i l l e t te , Wyoming v i c i n i ty and Co l s trip  Montana a r e a  r e sp e c t ive ly , 
wer e  b a s e d  on 2 8  c . f . s .  p e r  1 , 0 0 0  me gawa t t s  a s  b e ing more  l i be r a l  
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Tab l e  I I I  B-4 . 2  

ANNUAL COSTS O F  WATER ¥ 
(Oct . 1970 Pri ce Level 

Ass i gned 

Pl ant Pl ant Conveyance Pumpi ng 
Aqueduct 

Operati on & or 
Location S i ze fn�e��e�t_J{ _ �n�r�-� _ �e�l�c�l��0ij/ _ _  M�i�t�n�n�e

- _
s�o�a�e

- _ :o�a�) TMRr 
North Dakota 

Bowman Ill 5 ,000 $1 , 1 97 $ 1 88 $ 48 $ 1 4 1  $1 ,925 $3 ,499 
Bowman 112 5 ,000 5 , 562 702 216  288 495 7 , 263 
N of Dicki nson 3 ,000 1 , 267 1 56 51  1 78 1 , 1 55 2 , 807 
Dicki nson 3 ,000 1 ,894 268 75 265 297 2 , 799 
Dicki nson and ! 3 ,000 � 2 ,978 600 1 1 8  323 792 4 , 81 1 

Bowman 5 ,000 2 ,950 31 2 1 1 6  257 3 , 635 
Beul ah 5 ,000 955 1 1 2  37 29 49 5 1 ,628 
Center 1 ,000 346 49 1 3  1 1 7  99 624 

South Dakota 
Lud l ow 1 ,000 631 72 25 1 60 385 1 , 273 

Col orado 
Watkins  1 ,000 423 56 1 7  1 23 275 894 

liYomi ng 
W of Kemmerer 5 ,000 1 , 790 356 70 228 440 2 ,884 
NE of Rock Spri ngs 1 ,000 687 1 08 27 262 88 1 , 1 7 2  
N o f  Wamsutter 5 ,000 3 , 1 53 448 1 24 331 440 4 , 496 
G i l l ette Vici n i ty ,  

1 0  Pl ants 1 0 ,000 ea . ( - - - - - - - - - S t .  Xavi er to Gi l l ette Aqueduct - - - - - - - - - - - ) 
Spotted Horse 3 ,000 II II II II II 

Lake DeSmet 1 0 ,000 

Montana 
NW of Brockway 5 ,000 1 ,967 336 77 
Paxton 1 ,000 672 68 26 
Ri chey 1 ,000 733 88 28 
Fort Kipp 1 ,000 67 1 2  3 
Reserve 1 ,000 643 68 26 
Coal Ri dge 1 ,000 877 96 34 
Wi baux 5 ,000 1 ,394 280 56 
W of Savage 1 ,000 401 60 1 6  
Col s tri p 5 ,000 1 ,401 31 2 56 
NW of Bra ndenburg 1 ,000 292 40 1 2  
S E  of Ash l a nd 5 ,000 634 76 25 
Bi rney 1 ,000 ( - - P l ant l ocated adjacent to Tongue Ri ver - - -
Bi rney-PJ 1 ,000 II  II II II II  II 

S of B i rney 1 0 ,000 1 ,041 21 2 41 
Ki rby Al t .  1 1 ,000 475 84 1 8  
Ki rby Al t .  2 1 ,000 1 , 200 40 47 
Decker 5 ,000 - - Pl ant l ocated adj acent to Tongue Ri ver - - -
Vol bor� 5 ,000 1 ,774 304 70 
Camps ass 1 0 ,000 4 ,476 91 2 1 7 7  
Sonnette 1 ,000 428 80 1 7  
Broadus 3 ,000 - - Pl ant l ocated adj acent to Powder Ri ver - - -
Moorhead 5 ,000 II II  II 

lf I nves tment costs amortized over 35 years @ 3 . 463 percent . 
2/ Energy costs computed at 4 mi l l s  per kwh . 

II 

3/ Combi ned repl acement factor = 0 . 002674 x fi e l d  cost . !/ Uni t cost for 88 ,000 acre-feet of water del i vered to Dicki nson ; 
33 ,000 for Dicki nson pl a nt and 55 ,000 for Bowman plant . 

II II 

5/ I ncl udes $54 per acre-foot for water del i vered to Dicki nson for Bowman pl ant . 
o/ Cost range for medi um and l arge s i ze aqueducts , see Tabl e 6A i n  appendi x .  
Z/ Thi s  tab l e  i s  based o n  1 7 . 5  c . f . s . per 1 ,000 megawatts of i ns tal l ed capaci ty ,  

and shou l d  b e  cons i dered a s  mi nimum requi red for boi l er make-up water and 
to offset cool i ng tower evaporat i ve l osses . 
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235 495 3 , 1 1 0  
1 57 99 1 ,022 
21 3 99 1 , 1 6 1  

27 99 208 
1 88 99 1 ,024 
247 99 1 , 353 
205 495 2 ,430 
1 24 99 700 
1 89 495 2 , 453. 

89 99 532 
75  1 ,870 2 ,680 

) 374 374 
374 374 

88 3 , 960 5 , 342 
1 54 374 1 , 1 0 5  

94 374 1 , 755 ) 1 ,870 1 ,870 
232 495 2 , 875 
374 990 6 , 929 
1 51 3 1 9  995 ) 957 957 

1 , 595 1 , 595 

J 

Per Ac . -Ft . 
Del i vered 
(Doll ars ) 

$ 64 
1 32 

85 
85 
55 4/ 

1 21 S/ 
30 -
57 

1 1 6 

81 

52 
1 06 

82 

(85- 1 0 1 ) §.1 
(68-80 )  6/ 
( 65-73) � 

57 
93 

1 06 
1 9  
93 

1 23 
44 
64 
45 
48 
49 
34 
34 
49 

1 00 
1 60 

34 
52 
63 
90 
29 
29 



UNIT COST OF WATER DELI VERED IN GILLETTE AREA 
(Oct . 1970 Pri ce Level ) 

A1ueduct Water Del i veri es and Uni t Costs 
Water or Cost of Water Per Acre-Foot 

Tabl e q i  B-4 . 3 

MW Generati on (Steam Plant Porti on of Del i vered Water} 
I nstal l ed A . F . /Yr . Jj 1 00% 67% sot 

3 ,000 50 ,000 $1 70 . 00 $ 1 49 . 00 $ 1 33 . 00 

6 ,000 1 03 ,000 1 33 . 00 1 1 3 . 00 1 02 . 00 

8 ,000 1 37 ,000 1 1 8 . 00 1 02 . 00 94 . 00 

1 3 ,000 21 2 ,000 1 01 . 00 90 . 00 85 . 00 

1 5 ,000 257 ,000 96 . 00 86 . 00 82 . 00 

20 ,000 342 ,000 89 . 00 82 . 00 79 . 00 

23 ,000 394 ,000 86 . 00 80 . 00 78 . 00 

25 ,000 427 ,000 84 . 00 79 . 00 7 7 . 00 

30 ,000 51 0 ,000 82 . 00 78 . 00 76 . 50 

40 ,000 685 ,000 79 . 00 76 . 50 76 . 00 

50 ,000 855 ,000 77 .00 76 . 00 76 . 00 

Jj Based on 28 c . f . s .  per 1 ,000 MW i ns tal l ed capaci ty as sugges ted i n  
Chapter X of Nati onal  Power Survey . 

UN IT  COST OF WATER DELIVERED IN COLSTRie AREA 
(Oct . 1970 Pri ce Level ) 

A1ueduct Water Del i veri es and Uni t Costs 
Water or Cos t of Water Per Acre-Foot 

33% 

$ 1 1 4 . 00 

91 . 00 

85 . 00 

79 . 00 

78 . 00 

77 . 00 

76 . 50 

76 ,00 

76 . 00 

76 . 00 

76 . 00 

Tabl e I I I  B-4 . 4 

r�w Generati on (Steam Pl ant Porti on of Del i vered Water} 
I nstal l ed A . F . /Yr . Jj 1 00% 67% so% 

3 ,000 50 ,000 $45 . 00 $41 . 00 $ 37 . 00 

6 ,000 1 03 ,000 37 . 00 3 1 . 00 28 . 00 

8 ,000 1 37 ,000 33 .00 28 . 00 24 . 00 

1 3 ,000 21 2 ,000 27 . 00 22 . 00 20 . 00 

1 5 ,000 257 ,000 25 . 00 21 . 00 1 9 . 00 

20 ,000 342 ,000 22 . 00 1 9 . 00 1 7 . 00 

23 , 000 394 ,000 21 . 00 1 8 . 00 1 6 . 00 

25 ,000 427 ,000 20 . 00 1 7 . 00 1 5 . 50 

30 ,000 51 0 ,000 1 9 . 00 1 6 . 00 1 5 . 00 
40 ,000 685 ,000 1 7 . 00 1 5 . 50 1 5 . 00 

50 ,000 855 ,000 1 6 . 00 1 5 . 00 1 5 . 00 

Jj Based on 28 c . f . s . per 1 ,000 MW i ns ta l l ed capaci ty as suggested i n  
Chapter X of Nati ona l Power Survey .  
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33% 

$32 . 00 
23 . 00 

20 . 00 

1 8 . 00 

1 6 . 50 

1 6 . 00 

1 5 . 50 

1 5 . 00 

1 5 . 00 
1 5 . 00 

1 5 . 00 



and to b e  us e d  fo r t he NCPS . The s e  wa t e r  r a t e s we r e  j udg e d  t o  b e  
adequa t e  for  s t e am gene ra t i on and w e r e  us e d  t o  de t e rmine c o s t s  o f  
var i ous generat i ng cap a c i t i e s  in  t e rms o f  wa t e r  de l ive r i e s  s o l e ly 
for genera t ion and in  c omb i na t i o n  wi t h  wat e r  n e e d s  for  o the r typ e s  
o f  c o a l  p r oc e s s ing . 

I NVES TMENT AND ANNUAL COSTS 

The c o s t  of wa t e r  de l ivered wa s b a s e d  on quan t i t i e s  r e l a t ing to  
ins ta l l e d  g ene r a t i on c ap a c i ty . P ip e l ine s i z ing wa s b as e d  on s tudi e s  
o f  e conomi ca l s i z e p ip e  for vari ous f l ows , hydrau l i c  head , and s t ruc ­
tura l s a fe ty . The numbe r  o f  pump ing l i ft s  wa s de t e rmined from t o t a l  
l i ft but e ac h  l i ft was l im i t e d  to 2 5 0  fe e t  whe rever p o s s ib l e . F l ow 
c ontro l s truc tur e s  wer e  us e d  a t  each 1 5 0 - fo o t  dr op in  e l eva t i on 
a l ong any l ine . Each conveyanc e fac i l i ty wa s e s t im a t e d  a s  a modern 
s y s t em whi ch wou l d  aut oma t i c a l ly s ens e and adj us t t o  vary ing demand . 

The f i e l d  c o s t s  o f  c onveyance fac i l i t i e s  to  de l iver  wa t e r  t o  e ach 
o f  the p o ten t i a l  c oa l  f i e l d s , and a l l  eng i ne e r ing , s up e rv i s i on ,  ad ­
mini s tr a t i on and r e l a t e d  i nd i r e c t c o s t s  inc lud i ng f i nanc ing  and 
inter e s t  dur ing c on s t ruc t i on are summar i ze d  on Tab l e  I I I  B - 4 . 2 .  
Op erati on , ma intenanc e ,  and r ep l a c ement co s t s  we r e  e s t ima t e d  f o r  
a sys tem op e r a t ing a lmo s t c ontinua l ly dur ing t h e  3 5 - ye a r  p r o j e c t  
l i fe .  

· 

* * * ( End o f  Ext r a c t )  * * * 

Any s t e amp l ant that c ou l d  b e  l o c a t e d  adj acent t o  i t s  wat e r  
supp ly wou l d n o t  r equi r e  an exp ens ive o r  comp l ex conveyan c e  s y s t em .  
As s i gn e d  c o s t s  as s hown in Tab l e I I I  B - 4 . 2  rep r e s ent the  co s t s  o f  
deve l o p ing o r  a cqu i r ing  a f i rm wat e r  supp ly from ex i s t in g  r e s e rvo i rs , 
o f  cons t ruct ing new re s e rvo i r s  o r  o f  purcha s ing i r r i gat e d  l and t o  
obtain a wat e r  r i gh t . 

A consump t ive us e , inc luding bo i l e r make - up wat e r , o f  2 8  cub i c  
fe e t  p e r  s e c ond p e r  1 , 0 0 0  megawa t t  ins t a l l ed c ap a c i ty g r e a t ly i n ­
c r e a s e s  the wat e r  r e qu i r ements  o f  a p l an t  but de c r e a s e s  t h e  uni t  
co s t  p e r  a c r e - fo o t  o f  wat e r  de l ivered . The inc r e a s e d  wa t e r  requi r e ­
ment s  and un i t  c o s t o f  wat e r  de l ivered to  G i l l e t t e , Wyom ing , are  
tabul a t e d  on Tab l e  I I I  B - 4 . 3 of  the  fo r e g o i ng e x t r a c t .  The  l a s t  
three  c o lumns o f  the t abul a t ion ind i c a t e  t he un i t  c o s t  o f  wat e r  when 
s har ing the us e o f  a p ip e l ine sys t em wi th o the r c o a l  p ro c e s s o r s . I t  
shou l d  b e  n o t e d  that the un i t  c o s t  o f  wat e r  b e c ome s l e s s  when the 
p o r t i o n  of wa t e r  d e l ivered  fo r gene r a t ion b ecome s l e s s . Tab l e  I I I  
B - 4 . 4  indi c a t e s  s im i l ar c o s t  cond i t i ons  fo r wa t e r  d e l i v e r e d  from the 
Ye l l ows tone River to  Co l s t r ip , Mont ana . 
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Chap t e r  Seven 

UP PER M I S S OUR I R I VER 
I NDUSTRIAL WATE R  REQUI REMENT S  FOR 
PROJ E CTED 1 9 8 5  ENERGY DEVE L OPMENT 

Ava i l ab i l i ty of  s u f f i c i ent wa t e r  to  s up p o r t  p ro j e c t ed ene rgy 
p l ant deve l opment app ears  c e r t a i n  in  the Upp e r  Mi s s our i River Bas in . 
Tab l e  8 s h?ws a max imum (Cas e I )  p ro j e c t e d  wa t e r  requ i r ement o f  
8 3 6  MAF/ Y 1 n  the s t a t e s  o f  the Upp e r  Mi s s our i River Ba s in . Of  th i s  
t o t a l , 5 1  p e rc ent was a s s umed a l l o c a t e d  (by the  NP C ' s  Co a l  Ta s k  
Group ) t o  e l e c t r i c a l  generat i o n , wi th the o t he r 4 9  p e rcent  a s s umed 
al l o c a t ed for c onv er s i on of coal and l i gn i t e  t o  s ynthe t i c  l i qu i d s  
and gas . 

A c omp a r i s on o f  the s e  requ i r emen t s  and a p r o j e c t i on o f  the 
ava i l a b l e  supp ly is s h own in Ta b l e  1 6 .  The e s t i ma t e  of ava i l ab l e  
supp ly ha s been p rep a r e d  by the Wa t e r  Ava i l ab i l i ty Ta s k  G roup ba s e d  
o n  a mod i f i c a t i on o f  Tab l e  3 ,  Vo lume I ,  o f  t h e  NoP t h  Ce n tPa l P ow e P  
St udy c i t e d  i n  the  p r e c e ding chap t e r . Wh i l e  thi s T a s k  G ro up ha s 
confi denc e i n  the to t a l  wa t e r  ava i l a b i l i ty from the s our c e s  l i s t e d , 
i t  i s  l e s s  c e r t a i n  conc e rning  al l oc a t i on o f  the s e  t o t a l s  t o  i nd iv i d ­
ua l s ta te s . Whe re s uch a l l oc a t i ons have b e en made w i thout s ome 
indi c a t i o n  of a c ons ensus  on the p ar t  of the s t a t e s , a que s t i on 
mark ha s been added to emp ha s i z e the unc e r t a i n ty . I t  mus t b e  
recogni z e d  tha t t h e  ac tua l r i ghts  o f  e a c h  s ta t e  t o  a p o r t i on o f  the 
t o t a l  supp ly ava i l ab l e  wi l l  be c ontro l l e d  by i n t e r s t a t e  c omp a c t s  and 
tha t ava i l a b i l i ty wi thin  a s ta t e  o f  any p a r t  o f  an indiv i dua l s ta t e ' s  
en t i t l emen t wi l l  be  c o n t ro l l e d  by the l aws o f  tha t s t a t e . Howev e r  
arb i t rary t h e  a l l o ca t i o ns  f l a g g e d  b y  que s t i on marks  may b e , the 
o the r a l l o c a t i on s  are  s u f f i c i en t ly fi rm a s  t o  l e ad t o  the c onc l u ­
s i on tha t ava i l a b l e s upp l i e s  c a n  read i ly mee t t h e  requ i r emen t s  s hown . 
Of cour s e , me e t ing  the Ca s e  I I / I I I  and Cas e I V  requ i r eme n t s  ( s hown 
in Tab l e  1 6 )  wou l d  be even l e s s  t ax i ng . 

MONTANA 

Mon t ana ' s  i nd i c a t e d  requ i r ement o f  3 1 7 MAF o f  wa t e r  p e r  year 
can be  me t from her  p a r t i a l l y devel oped Wind - B i g  Ho rn River and 
undeve l op e d  Ye l l ows tone ent i t l ement s . Othe r sma l l e r  s o ur c e s  a r e  
ava i lab l e  to  t h e  s t a t e  for deve l opmen t o f  ind i v i dua l p ro j e c t s  and 
the s e  may actua l l y o f fer  the mos t a t t ra c t ive a l t e rn a t i v e  fo r the  
f i r s t p l an t s  dur i n g  the i n i t i a l  s l ow bui l dup of  capac i t y  ( s e e  Tab l e  
1 7 ) . I n  add i t i o n  to the s e  s ourc e s , the s t a t e  c an t ake from the 
ma in  s t em of  the Mi s s our i Rive r , inc luding  t he ex i s t i n g  Fort  P e c k  
res ervo i r , g r e a t  quant i t i e s o f  wa t e r . Whi l e  th i s  s ou r c e  i s  s ome ­
wha t mo re remo t e  from mo s t  o f  Mon t ana ' s  c o a l  than the  s ourc e s  e a r l i ­
er men t i oned , i t  wou l d  no t b e  e c onom i c a l l y o r  phys i c a l l y  imp ra c t i c a l  
t o  us e t h i s wa t e r . 
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TAB LE 1 6  

CAS E I 
U PP E R  M I SSOU R I  R I V E R  

WATER S U PPLY / D E M A N D  
(Thousa nds o f  Acre-Feet P e r  Yea r)  

M o nt .  N .  Oak. S .  O a k .  Wyo . Total 

Projected Water Req u i rement 
fo r Energy ( Consu m ptive U se) 

Electricity 148 98 20 160 426 

Coal 169 46 195 410 

Oil Shale 

Tota l 317 144 20 355 836 

Apparent Water Avai labi l ity* 

Existing Reservoirs 

Wind-Big H orn Rivert 244 .1 976.6 1,220.7 

(Yellowtail, Bighorn Lake 
and Boysen) 

Missouri River 500(? )  500 ( ? )  1,000.0 

( Fort Peck and Garrison) 

Subtota l 744. 1  500 976.6 2,220.7 

Projects to be Developed 

Little Missouri 60 20 80. 0  

Yellowstone Surplus 450(? )  450.0  

Other 120(? )  230 ( ? )  350 .0 

Subtota l 570 60 20 230 880.0 

Tota l 1 ,314 . 1  560 20 1 ,206.6 3 , 1 00.7 

* Modified from U.S .  Bureau of Reclamation, North Central Power Study, Vol . I ,  Table I l l ,  ( Billings, Montana,  1 971  ) .  

t Letter 6- 1 1 -71  Aldrich ( US B R )  to Bishop. 

NORTH DAKOTA 

No r t h  Dako t a  ha s a c c e s s  t o  hug e  quant i t i e s  o f  wa t e r  from the 
Mi s s our i River  and s ome o f  its  t r ibut a r i e s . The 1 4 4  MAF ( Ca s e I )  
requ i r ement ind i c a t e d  in Tab l e  1 6  i s  sma l l  in  c omp a r i s on w i th the 
ava i l ab l e s upp ly . Whi l e  s ome of No rth Dak o t a ' s  c o a l  r e s our c e s  a r e  
adj acent  t o  t h e  r iver , o ther  depo s i t s  a r e  mo r e  r emo t e . O n  b a l an c e , 
howeve r ,  the s i tua t ion  i s  c omp arab l e  to  that in  Mont ana and Wyoming . 

SOUTH DAKOTA 

South Dako t a ' s  mode s t  requ i r ement o f  2 0  MAF may b e  met  by d i ve r ­
s i ons  from the L i t t l e  Mi s s ou r i  o r  Grand River  b a s ins . 
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TABLE 17 

CASE I-MONTANA 

PROJECTED SCHEDULE OF ENERGY DEVELOPMENT AN D WATER CON SUMPTIVE USE REQUIREMENTS 

1 970 1 974 1 975 1 97 6  1 977 .1 978 1 979 1 980  1 98 1  1 982 1 98 3  1 984 1 985 
Synthetic Gas 

Plant (250 M M C F/0) Un its 

I ncremental 2 2 2 3 2 2 .4 
Cumulative 3 5 7 1 0  1 2  14 .4 

Water R equirements (MA F/Y)* 

Cumulative 1 0  30 50 70 1 00 1 20 1 45 

Synthetic 0 il 
Plant (50 M B/0) Un its 

I ncremental 1 
Cum ulative 2 

Water Requ irements (MA F/Y) 

Cumulative 1 5  1 5  25 

E lectric Generation 

Plant ( 1 ,000 MW) Un its 

I ncremental .4 - 1 
Cumulative .4 .4 1 .4 1 .4 2.4 3.4 4.4 5 .4 5 .4 6.4 7 .4 

Water R equirements (MA F/Y) 

Cumulative 1 0  1 0  30 30 50 70 90 1 1 0 1 1 0 1 30 1 50 

Total Water Requ irement (MAF/V )  1 0  1 0  30 30 60 1 00 1 40 1 80 225 265 320 

* Tl)o usand acre-feet per year. 

WYOM I NG 

Wyoming wi l l  have mo r e  than enough wa t e r  t o  me e t  t he p r o j e c t ed 
Ca s e  I requ i r emen t s  o f  3 5 5  MAF ( s hown in Tab l e  1 6 ) . He r ent i t l e ­
ment from the deve l o p e d  r e s e rvo i r s  on the Wind and B i g  Ho rn Rive r s  
woul d p rovide  9 7 6 . 6  MAF / Y  i f  the s e  r e s e rvo i r s  we r e  op e r a t e d  a t  n e a r  
op t imum e ff i c i ency . He r " o the r "  s ourc e s  ( s hown i n  Tab l e  1 6 )  inc lude 
1 0 0  MAF from the Co l o rado River Ba s in and an e s t ima t e  of s upp l i e s  
from s t r e ams wi thin  the Powder  River Bas i n  o f  no r t he a s t e rn Wyoming 
whe r e  mo s t  of the s t a t e ' s  c o a l  r e s e rves  a r e  c o n c en t r a t e d . 

Wy oming i s  ent i t l e d t o  s ome 8 1 7  MAF/ Y  from t he Co l o r ado Ri v e r  
Bas in at  t h e  6 . 5 MMAF l eve l o f  deve l opmen t o f  the Upp e r  Co l o rado 
River (App endix F ,  Tab l e  2 6 ) .  Unde r  the s ta t e ' s  a l t e rna t iv e  t o  the 
Upper  Co l o r ado Re g i on S tudy , Wyoming has a l l o c a t e d  1 7 0 . 8 MAF t o  
e l e c t r i c a l  genera t ion and m i n e r a l  deve l opmen t i n  the  y e a r  2 0 0 0  and 
1 7 0 . 2 MAF in 2 0 2 0 . Tab l e  1 6  inc lude s only about 1 0 0  MAF o f  t h i s  quan ­
t i ty . S tud i e s  have b e en made by the s t a t e  to  demon s t r a t e  t he f e a s ­
ib i l i ty o f  phys i ca l l y tran s ferr ing a l l o f  t he Co l o rado  R i v e r  wa t e r  
t o  wh i c h  the s ta t e  i s  ent i t l e d , and wh i ch may no t b e  r e qu i r e d  for  
in- bas in  deve lopmen t , t o  the Powder  River Ba s i n c o a l  f i e l d s . 

The Tas k  Group an t i c ip a t e s  th�t the more  l im i t e d  l o c a l  s ourc e s  
o f  wat e r  may b e  deve l op e d  t o  s upp ly the e a r l i e s t  p l an t s  ( s e e  Tab l e  · 
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1 8 )  and a s s i s t  in me e t ing e ar l y  demand wh i l e  the  maj o r  t r an s b a s in 
dive r s i on p ro j e c t s  a r e  b e i ng bu i l t . It  shou l d  be emp ha s i z e d  tha t 
a s  much a s  8 to  1 0  y e a r s  o f  l e ad t ime mus t  b e  a l l ow e d  t o  p e rm i t 
p l anning and o r d e r l y  cons t ruct ion o f  p r o j e c t s  o f  the  magn i tude r e ­
qui r ed . 

WATER QUAL I TY 

In  gene ra l , the surface  and g round wa t e r  avai l ab l e  in  the No rth ­
e rn Ro cky Mount a in r e g i o n  i s  o f  f a i r  qua l i ty .  On s ome s t re ams and 
in s ome s our c e s  of ground wat e r , the conc ent r a t i o n s  o f  d i s s o lved  
s o l i d s  a r e  r e l a t ive ly h igh and  may a t  p o i n t s  exc e e d  2 , 0 0 0  mg/ 1 . 

I n  the  headwat e r s , mo s t  s t r eams cont a in from 1 0 0  t o  3 0 0  mg/ 1 
o f  d i s s o lved  s o l i d s . Howeve r , as  the wa t e r  f l ow s  t oward the  j unc ­
t ion w i th  the M i s s our i River , the c oncent r a t i o n  i nc r e a s e s  markedly  
r e c e iving s o l ub l e  s a l t s  from i r r i ga t i on r e t urn f l ow s  and  d i s s o l v ing 
the s o l ub l e  frac t i on i n  s o i l s  and rocks . The Ye l l ows t o n e  River 
b e l ow the j unc t i on w i t h  the Powder River cont a ins  b e twe en 3 5 0  and 
7 0 0  mg/ 1 . The l owe r reach o f  the B i g  Ho rn Rive r cont a in s  b e twe en 
7 0 0  and 1 , 2 0 0  mg / 1  o f  d i s s o l ved s o l i ds . The c o n c en t ra t i on o f  d i s ­
s o l ve d  s o l i d s  in  the l owe r re ach o f  the Powd e r  River may o ft en 
exc e e d  2 , 0 0 0  mg/ 1 . 

TABLE 1 8  
CASE I-WYOMIN G 

PROJECTED SCHEDULE OF ENERGY DEVELOPMENT AN D WATER CONSUMPTIVE U SE REQUIREMEN-TS 

Synthetic Gas 

Plant (250 M M C F/D) U nits 

I ncremental 

Cumulative 

Water R equ irements (MA F/Y)* 

Cumulative 

Synthetic O i l  

Plant (50 M B/D) Un its 

I ncremental 

Cumulative 

Water R equ irements (MA F/Y) 

Cumulative 

Electric Generatio n  

Plant ( 1 ,000 MW) U n its 

I ncremental 

Cumulative 

Water R equirements (MA F/Y) 

Cumulative 

Total Water Requ irement (MAF/Y) 

* Thousand acre-feet per year. 

2 2 

2 2 

1 

3 4 

1 

5 6 7 

1 0  20 20 30 40 50 60 70  

3 3 

1 

2 2 

1 

3 

4 3 

7 1 0  

1 5  2 5  2 5  40 9 0  125  

4 5 5 6 7 8 

20 20 40 40 60 60 80 1 00 1 00 1 20 140 1 60 

20 20 40 40 70 80 1 1 5  1 55 1 65 2 1 0  290 355 
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Sediment c oncen t r a t i ons are  r e l a t ive l y  h i gh i n  many s t r e ams . 
Al though l and t r e a tmen t  p r o g rams have b e en e ffe c t ive in r e duc ing 
s e d iment l o ads in s ome a r e a s , mo re e x t ens ive  wa t e r s he d  t r e a tment and 
management wi l l  be requ i red to e ff e c t ive l y  r e du c e  s e d iment l o ad s  
throughout a l a rge p a r t  o f  t h e  area . 

The ave rage s e diment conc ent r a t i on may exc e ed 5 , 0 0 0  mg/ 1 in 
s t reams in the no r t he rn p a r t  o f  the b a s in  and may e x c e e d  2 0 , 0 0 0  
mg/ 1 in t he Powder  River . Ext ens ive surfa c e  min ing a c t ivi t i e s  may 
aggrava t e  the s ed iment p rob l em in the Powde r River Ba s i n , and any 
p l ans fo r mining s hou l d  cont a i n  p rovi s i on f o r  r e t en t i on o f  s e d i ­
ment in  the mining a r e a . 
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Chap t e r  E i ght 

OTHER BAS I N S  

COLUMB IA R I VER I NDUS TRI AL WATER REQUI REMENTS F O R  P ROJECTED 1 9 8 5  
ENERGY DEVE LOPMENT 

Tab l e 8 s hows a p r o j e c t e d  requi rement o f  2 0  MAF in  the S t a t e  o f  
Wa s h ington ( Pac i f i c  No r thwe s t Bas i n )  fo r e l e c t r i ca l  ( the rma l ) p owe r 
gen e ra t i on . B e c aus e th i s  quant i ty i s  ins i gn i f i c an t l y  s ma l l  a s  c om ­
pared to  t he wa t e r  p hys i c a l ly p r e s ent i n  the Co l umb i a  Riv e r  and o ther  
sourc e s  in t he s t a t e , the Tas k  Group has a s sumed , w i thout fur ther  
inve s t i gat ion , t�at  this  requ i r ement can b e  me t . 

GULF COAS T I NDUSTRIAL WATER REQUI REMENTS FOR PROJECTED 1 9 8 5  ENE RGY 
DEVELOPMENT 

A p ro j e c t ed r equi r emen t o f  44 MAF of wa t e r  fo r e l e c t r i c a l  gen ­
erat i on and c o a l  g a s i f i ca t ion in the S t a t e s  o f  Tex a s  and Arkan s a s  
is  s hown in Tab l e  8 .  

The l i gni t e  depo s i t s  in t he s e  s t a t e s  are  l o c a t e d  in  an a r e a  o f  
high p r e c ip i t at i on near  the Gul f o f  Mex i c o . S inc e l i gni t e  i s  found 
in the s e  s t a t e s  in a l a rge  numb e r  of r i v e r  b a s ins , it  w i l l  be nec ­
e s s a ry t o  i d ent i fy s p e c i f i c  dep o s i t s  b e fo r e  wat e r  ava i l ab i l i ty t e s t s  
can b e  int e l l i g en t l y  app l ie d . The Ta s k  G roup ha s as s umed , wi thout 
fur the r inqu i ry , that t he 4 4  MAF of  wat e r  wi l l  b e  ava i l ab l e . 

I LL I NO I S  BAS I N  

Wat e r  s upp l i e s  i n  the  I l l ino i s  Bas in a r e  c o n s i de r e d  adequ a t e  
fo r a l l  us e s  unt i l  1 9 8 0 . Beyond t h i s  da t e , supp l i e s  from s ome l o c a l  
area s may b e c ome s c a r c e  and intra - r eg ion  d i ve r s i o n  may b e  ne c e s s a ry . 

The I l l ino i s  Bas in  i s  drained by two p r inc i p a l  r ive r and t hr e e  
tr ibut ary drainage s ys t ems . The Wab a s h  Rive r d r a i n s  the  ma j o r  c o a l  
f i e l d  o f  s outhe rn Indi ana and t h e  Kentucky - G r e en R i v e r  s y s t em dra ins 
the coal f i e l d s  of c ent r a l  and we s t ern Ken tuc ky . B o t h  r iv e r s  are  
tr ibutary t o  the Ohi o  River and are s hown i n  the  Ohi o  B a s in  in F i gure 
1 .  The maj or co a l  fi e ld s  of s outhern I l l in o i s  are  dra in e d  by t he I l ­
l ino i s  and Kas ka s k i a  Rive r s , b o t h  t r i bu t a ry t o  the  Mi s s i s s ipp i River . 

Ava i l ab i l i ty o f  Sur fac e Wa t e r  

The average  runo ff from t h e  I l l ino i s  Bas in i s  5 7  b i l l i o n  g a l l ons  
per  day (b g d ) . Runo ffs  from the ind ividual  b a s i n s  vary from 1 5  b g d  
i n  the I l l ino i s  Rive r  Bas in  t o  2 3  b g d  in the  Kentucky - Gr e e n  River  
Ba s i ns . The Waba s h  Ri ver has an average  runo f f  of  1 9  b gd . In  ad ­
d i t i on to  the natura l runo ff , the I l l ino i s  Rive r s y s t em r e c e ive s an 
exp o r t  from the G r e a t  Lak e s  Bas in - - about 2 b g d  o f  wa s t e  wat e r  from 
the Chi cago me t r op o l i t an a r e a . 
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E x t r eme ly low flows gene ral l y  o c cur in mid - wi n t e r  and mi d ­
summe r , and e x t reme l y  h i gh fl ows norma l l y  o c cur i n  the s pr ing .  
Sma l l e r  wat e r s he d s  p roduce ex t reme ly h i gh run o f f s  o f  s ho r t  dur a t i on 
fo l l owing  s umme r r a in s t o rms . Run o f f  i s  general l y l owe s t  in the 
I l l ino i s  R iver  B a s in . 

Drough t s  o c cur in varying int ens i ty ,  dur a t i on and g e o g r ap h i c  
l o c a t i on . Fo r e xamp l e , the drought o f  1 9 3 1 , o n e  o f  the mo s t  
seve r e , affe c t e d  the wat e r  suppl y  cond i t ions  throughout  the ar e a . 
S t r e amfl ow ave r aged  onl y 1 2  perc ent o f  normal i n  the we s t e rn p o r t ion 
o f  the I l l ino i s  B a s in . 

The ex i s � in g sur fac e wat er sup p l y  and wat e r  u s e  by s te am ­
e l e c t r i c  p owe r p l an t s  ar e summar i z e d  i n  T ab l e  1 9 . 

Wabash River Basin 

Kentucky-G reen Basin 

Illinois River Basin 

TAB LE 1 9  

N ATURAL RUN O FF, I LLI N O I S  B AS I N  
( B i l l ions o f  Ga llons Per Day) 

Average 
Runoff 

19 .2 

23 .2 

15 .4 

Electric Power 
Water Use Cons u m ed 

1 . 4  

5 . 3  

2 .6  

0 .01 

0 . 04 

0.03 

Ava i l ab i l i ty o f  Ground Wat e r  

Ground wat e r  i s  ava i l ab l e  throughout t h e  I l l ino i s  B a s in . The 
be s t  aqu i fe r s  are in the a l luv i a l  ma t e r i a l  a l ong the Ohio  Rive r 
and in the l ow r e ache s o f  the  maj o r tr ibut a r i e s .  The g l ac i a l  
s e d iment s  nor th o f  the  Ohi o River are  a mixtur e o f  c l ay ,  s i l t , 
s and and grave l and many o f  the g rave l t r a in ( bur i e d  r ive r va l l eys ) 
aqu i fe r s  cont a i n  l arge  vo l ume s o f  wat e r . The b edro ck aqu i f er s , 
s and s tone and l ime s tone  p roduce good  y i e l d s  from we l l s ,  but there  
are large  are as  of  shal e through the  cent er of  the re g io n  whe re 
groun d  wa t e r  supp l i e s  are d i fficul t to deve l op . App r o x ima t e l y  
1 b gd a r e  w i thdrawn from ground wa ter  s o ur c e s  in  the B a s in fo r 
mun ic i p a l  and indu s t r i a l  us e s . 

Wat e r  Qua l i ty 

I n  gene ral , sur face wa t e r s  in the B a s in are o f  g o o d  chemi c a l  
qu a l i ty .  D i s s o l ve d s o l i d s  vary from l e s s  t h an 1 0 0  mg/ 1 t o  o ve r  
1 , 0 0 0  mg/ 1 . P r in c ip a l  wat er qual i ty p robl ems are  a s s o c i a t ed wi th 
re s idual o r g an i c s  and nu t r i ent s , s e d iment l oads  and a c i d - mine 
dra inage from co a l  p rodu c i ng areas . He a t  from s te am - e l ec t r i c  
p l ant s create s l o cal i z ed wa t e r  qual i ty p rob l ems in  s ome are a s . The 
chemi cal  con tent o f  ground wat e r  i s  general l y  h i gher than that o f  
surface wat e r  and t ends t o  b e  cons t ant i n  c ompo s it i o n . 
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Water  Supp l y  

Wat e r  sup p l ie s , b o t h  surface and ground , a r e  c o n s i de r e d  
ade quate unde r p r e s en t  cond i t i ons . Howeve r ,  future d emand s fo r 
ene rgy in the B as in may s t r a in t he ava i l ab l e  wa t e r  s upp l ie s  by 
the year 2 0 0 0 . At  pr e s en t , ab out 2 . 6  b gd ( 8  MAP) o u t  o f  an ave rage 
supp l y  of  1 5  b gd ( 4 6  MAP ) are u s e d  fo r s t e am - e l e ct r i c  powe r in  the 
I l l ino i s  Rive r B a s in . By 2 0 0 0  i t  is  p r o j e c t e d  tha t  1 2  b g d  ( 3 7  MAP ) 
wi l l  b e  nec e s s ar y  to  sus t a i n  th e s t e am - e l e c t r i c  g en e r a t ing c ap a c i ty . 
The u s e  o f  t h i s  vo l ume o f  wa t e r  may r e qu i r e  ext ens ive p o l lut i o n  
contro l s  to  de c r e a s e  the rmal l o ading o f  t h e  s tr e ams  whi l e  a t  the 
s ame t ime r e duc ing evap o r a t i ve l o s s e s  in the s ys t em .  

APPALACH I AN BAS I N  

An exce l l ent supp l y  o f  wa t e r  i s  o n e  o f  t h e  fac t o r s  f avo r ing 
as we l l  a s  h inde r ing fur the r  mining deve l o pment in the App a l ach i an 
Bas in . Su ffi c i e n t  water o f  good  qual i t y  i s  ava i l ab l e fo r t he 
exp ans i o n  o f  t he coal  min ing indu s t ry and the d eve l opment  o f  ene r gy 
re s e rves  a l though a h i g h  d e g r e e  o f  managemen t s k i l l wi l l  b e  r e qu i r ed 
to r e s o lve exi s t ing envi ronmen tal  p o l lut i on p r o b l ems and to  fo r e ­
s t al l the deve l opment o f  new prob l ems . 

As surface s tr e ams gene r al l y  wi l l  sup p l y  l arge  future demand s 
fo r indu s t r i a l  wa t e r , are a s  wher e  maj o r  t r an sp o r t at i on s ys t em s  and 
s treams c o inc ide  may o ffer  the b e s t  p o t en t i al s i te s fo r exp an s i o n  
o f  mining a c t ivit i e s . Wa te r prob l ems are  n o w  p r e s en t  a t  s ome o f  
the s e  s it e s - - P i t t s burgh and B i rmingham fo r e x amp l e - - and may c on ­
t inue to ari s e  a t  o the r p o in t s  with  futur e deve l opment o f  the B a s in . 
S tr e am p o l lu t i on i s  a maj o r  concern , p ar t i cul ar l y  in the l ower 
re ache s of s tr e ams wher e  indu s t r i e s  tend t o  cong r e ga t e . Ac i d  mine 
dra inage is a p r o b l em throughout much o f  the co a l - b e a r in g  p a r t  o f  
the B a s i n . Other l o c a l  p ro b l ems in the B a s in i n c l ude the n a tur a l  
har dne s s  o f  wat er from l ime s tone ar e a s  and the p re s en c e  o f  o the r 
unde s ir ab l e  mine r a l s .  Prob l ems in wa t e r  qua l i ty man a gement in the 
Bas in undoub t e d l y wi l l  inc r e a s e  as fur t he r  deve l opmen t o c cu r s . 

Ava i l ab i l i ty o f  Surf a c e  Wa ter  

An ave rage of  1 5 0  b i l l i on gal l o n s  o f  wa t e r  ( 4 6 0  MAP ) l e ave s 
the App al ach i an B a s i n  da i l y . About two - t h i r d s  o f  th i s  f l ow i s  
car r i e d  i n  four maj o r  s tr e ams : the Tenne s s e e , Sus quehann a , Ohi o , 
and Alabama River s . T ab l e  2 0  l i s t s  t he ave rage  f l ow o f  a l l  s tr e ams 
fl owing from the B a s in , a s  me asured at the g a g ing s i t e  ne a r e s t  the 
b oundary o f  the B a s in . The B a s in , wi th an ave r a g e  runoff o f  2 0  
inche s ( and mor e  than 3 0  i nche s in s ome ar e as ) , r anks  among the 
h i ghe s t  in the coun t ry f o r  r e g i ons of  c omp ar ab l e  s i z e . 

The p a t tern o f  ave rage  annual runo ff  fo r the B a s in  fo l l ow s  
c l o s e ly t h e  p a t t e rn o f  ave rage  annual p r ec ip i t a t i on . The r e  are  
two d i s t inct  ar e a s  of  hi gh runo f f . One  o ccur s in the s outhern 
p ar t  of  the  B l u e  Ridge province in No r th C ar o l in a  and the  o the r 
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TAB LE20 

AV ERAGE FLOW FO R S ELECTE D STR EAMS ENTE R I N G  O R  LEAV I N G  TH E APPALAC H I A N  R EG I O N  

Location D ra inage Area Years of Average Flow 

Stream s  Lat. Long. in sq. M i les Record Cubic Feet Per Sec. Inches Per Yea r 
---

Streams entering R egion: 

Chemung River at Chemung ,  New York 42°59' 76°38' 2,530* 56 2,514 13.4 

Mahoning River at Lowellville, Ohio 41 °02' 80°32' 1,076 20 1,078 13.6 

Hocking River at Enterprise, Ohio 39°34' 82°28' 460 32 435 12.8 

Muskingum River at Dresden ,  Ohio 40°07' 82 °00' 5,982 41 6,137 13.9 

Paint Creek near Greenfield, O hio 39°23' 83°22' 251 26 219 11.9 

Pymatuning Creek near Orangeville, Pen nsylvania 41 ° 1 9' 80°29' 169 49 205 16.4 

Scioto River at Chillicothe, Ohio 39°21 ' 82°58' 3,847 42 3,294 11.6 

Susquehanna River at Waverly, New York 41 °59' 76°30' 4 ,780* 25 7,549 21.5 

Streams leaving Region: 

Alabama River near Montgomery, Alabama 32°25' 86°25' 15, 100* 35 23, 250 20.9 

Big Sandy River at Louisa, Kentucky 38°10' 82°38' 3,892 24 4,228 14.8 

Black Warrior River at Tuscaloosa, Alabama 33° 1 3' 87°34' 4,828 42 7,723 21.7 

0'1 I Broad River near Gaffney, South Carolina 35°06' 81 °35' 1 ,490* 24 2,420 22.0 
0 Cahaba River at Sprott , Alabama 32°40' 87° 1 4' 1 , 378 24 2,077 20.5 

Catawba River at Catawba, North Carolina 35°43' 81 °04' 1,535 30 2,337 20.6 

Chattahoochee River near Norcross, Georgia 34°00' 84° 1 2' 1 
'
170* 50 2,241 20.6 

Cumberland River at Carthage, Ten nessee 36° 1 5' 85°57' 10,700* 40 17,220 21.9 

James River at Buchanan,  Virginia 37°32' 79°41 ' 2,084 64 2,488 16.2 

Kanawha River at C harleston ,  West Virginia 38°22' 81 °42' 10,419 23 14,466t 18.9 

Kentucky River at Lock 6, near Salvisa, Kent_ucky 37°56' 84°49' 5,102 37 6 ,664 17.8 

Little Kanawha River at Palestine, West Virginia 39°04' 81°23' 1, 515 23 2,119 19.0 

Middle Island Creek at Little, West Virginia 39°29' 81 °00' 458 34 617 18.3 

Ohio River at Cincinnati, Ohio 39°06' 84°31' 76,580* 23 96,810+ 17.2 

Potomac River at Point of Rocks, Maryland 39°16' 77°33' 9,651 67 9,246 13.0 

Shenandoah River at Millville, West Virginia 39°17' 77°47' 3,040 47 2,694 12.1 

Sipsey River near Elrod, Alabama 33°15' 87°46' 518 26 760 20.0 

Susquehanna River at Harrisburg , Pennsylvania 40°15' 76°53' 24, 100* 72 34,420 19.4 

Ten nessee River at Savannah,  Ten nessee 35°13' 88°16' 33, 140* 32 53,000 21.7 

Wheeling Creek at Elm Grove, West Virginia 4Q003' 80°40' 282 22 328 15.8 

Yadkin River at Yadkin College, North Carolina 35°51' 80°23' 2,280 34 2,916 17.4 

Note : Flow is measured at gauging site nearest the Region boundary. 
* Approximate 

t Adjusted for storage since 1 938 
Sou rce : Department of the Interior, U.S .  Geological Survey, Hydrological Investigations Atlas # 199, (Washington .  D . C . ,  1 965) . t Adjusted for storage 



along t he we s te rn face o f  the Val l ey and Rid g e  province  in We s t  
Vi rginia  and Penn sylvan i a . 

Annual  runo ff  in the B a s i n  var i e s  wi d e l y from yea r  to ye a r . 
I n  many p l ac e s , annua l  runo ff  range s from n e ar l y  doub l e  the ave rage  
to l e s s  than. ha l f the  ave rage . Annua l  runo f f  fo r thre e  s e l e c t ed _ 

s t reams i s  shown in F i gure 4 .  The Su s quehanna River a t  H ar r i s burg , 
Pennsylvan i a  r ange d  from 1 1 . 3 5 inche s in 1 9 3 1  to  2 9 . 6 4  inche s in 
1 8 9 1 . The Greenb r ie r Rive r a t  Alder s on , We s t  Vi r g i n i a  drain ing 
1 , 3 5 7  s quare mi l e s , ran g e d  from 9 . 8 3 inche s in 1 9 4 1  t o  3 3 . 8 3 inche s 
in 1 9 0 6 , wi t h  an ave rage o f  2 0 . 0  inche s . The B l a ck War r i o r  River 
at Tus c a l o o s a ,  Al abama a l s o  for the p e r i o d  of r e c o rd s hown in 
F i gure 4 ranged from 1 1 . 5 9 inche s in 1 9 4 1  to  3 9 . 1 3 inche s i n  1 9 0 0 . 
The s e  rang e s  in annua l  runo f f  are typ i c a l  o f  t ho s e  fo r o ther  s tr e ams 
in the B a s i n . 

The 1 9 3 1  wa t e r  year  i s  no t e d  fo r l arge  de f i c i en c i e s  in runo ff  
ove r mo s t  o f  the  B a s in . Runo ff at mo s t  g ag ing s i t e s  was about  hal f 
the ave rage . Th i s  de f i c i en t  s t r e amfl ow re s u l t e d  from b e l ow - no rmal 
pr e c ip i ta t i on , c ompo unde d by b e l ow - no rmal ground -wa t e r  s to r age and 
so i l  mo i s ture as a re sul t of b e l ow - n o rmal p r e c ip i t a t i on in the 
preceding year . I t  shou l d  be not e d , howeve r , tha t y e a r s  o f  de f i c i ent 
s t reamfl ow do not n e ce s s ar i l y  me an drought s , whi c h  o c cur as a 
re s ul t o f  extended p e r i o d s  o f  de f i c ient p r e c ip i t a t io n  dur ing the 
growing s e as on . O c c a s i o nal ly ,  even in years  o f  extreme l y  de f i c i ent 
s t r e amfl ow , p r e c ip i t a t i o n  du r ing the summer wi l l  be  ide al l y 
d i s t r ibuted to g ive max imum bene f i t  to  c r op g r owth w i t h  l i t t l e  o r  
no contr ibu t i on t o  s tr e amfl ow . 

I n  add i t ion  to the y e ar - to - ye ar var i a t ions  in t o t a l  runo f f , 
the re i s  a l s o  a within - ye ar cyc l i c a l  var i a t ion . S t r e ams thro ughout 
the B a s in exp e r i en c e  h i gh fl ows dur ing s p r ing and l ow f l ows dur ing 
fa l l . F l o o d ing , p a r t i cu l a r l y  on s tr e ams dra ining ove r 1 0 0  s quare  
mi l e s , o c curs mo s t l y  dur ing the sp r in g  p e r i o d  of  h i gh runo ff , 
fo l l owed by a gene r al re c e s s ion o f  fl ow to a min imum usua l l y  in 
Septe-mb e r  or O c t ob e r . A typ ic a l  cyc l i c a l  var i a t i o n  in d a i l y  f l ow 
is  s hown in F i gure 5 .  

Avai l ab i l i ty o f  Ground Wa t e r  

Sma l l  to mo de rate  qu ant i t ie s  o f  ground wat e r  a r e  ava i l ab l e  
near l y  eve rywhere in the App a l ach i an B as in , and abundan t groun d  
water  i s  ava i l ab l e  in s ome ar e a s , a s  s hown on t h e  m a p  o f  ground ­
wat e r  ava i l ab i l i ty in F i gure 6 .  The map cove r s  p a r t s  o f  s ix 
phys i o g r aph i c  province s ,  e ach having d is t in c t ive fe atur e s o f  g round ­
wat e r  o ccurren ce re l a te d  to  p r e c ip i t at ion , top o g r aphy and g e o l o gy .  
The p rovin c e s  ar e the P i e dmon t , B lue Ridge , Val l ey and Ridg e , 
App al achi an P l a t e aus and sma l l p ar t s  o f  the I n t e r i o r  Low P l a t e aus 
and Cent ral  Lowl and . 

Throughout the B a s in , the ground - wa t e r  aqu i fe r s  s e rve  the dual 
func t i on of provi ding wa t e r  supp ly via we l l s  and s p r in g s  and o f  
furn i s h ing a p erenn i a l  b a s e  o f  s t re amfl ow b y  s ee p ag e and s pr in g  
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F igure 6 .  Ground water zones in the Appal ach i an Region .  
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d i s charge . The rat e s  o f  d i s charge from the ground -water  re s e rvo irs  
to the s tr e ams general ly are greate s t  imme d i at e ly after  r a infal l .  
Dur ing l en g t hy rainl e s s  p er i o ds , the d i s charge from g round - wat e r  
re s e rvo i r s  reache s  i ts l owe s t  rate , ran g ing from z e ro to mo re than 
1 . 0  cub i c  fo o t  per s ec ond from e ach s quare mi l e  of t e rr i to ry . 

The l e as t produc t ive ground - water  p rovince in the Bas in i s  
the Blue Ridge ( F i gure 6 , Zone A) , wh ich i s  unde r l a in b y  den s e , 
spar s e ly fracture d , p o o r l y  pe rme ab l e  crys tal l ine rocks  tha t y ie l d  
l i t tl e  water  t o  we l l s . Devel opment o f  supp l i e s  in  exc e s s  o f  dome s ­
t i c  o r  smal l commerc i al requ irement s  i s  unl ike l y ; we l l  y i e l d s  in 
exce s s  of about 1 5  gal l ons per minute ( gpm) g eneral l y  are no t 
expe cted . 

The P i e dmon t  province wi thin the Bas in ( F i gure 6 , Z one B )  i s  
unde r l a in b y  ro cks s im i l ar to tho s e  o f  t he B l ue Ridge but i s  mo re 
favo rab l e  to  the o c curren c e  of ground wat e r .  Highl y cal careous 
�e tamo rphi c ro cks , par t i cul ar ly the narrow b e l t s  o f  marb l e , l ime ­
s tone and other  carb ona te ro cks , are the b e s t  aqu i fe r s ; however , 
they are no t wide spread . At sha l l ow depths , the s e  rocks y i e l d  
read i ly to s o lut i onal a t tack and the enl arged  crevi c e s  p rovi de 
space fo r t he s to rage and movement of ground wat e r . We l l s  that 
pene trate  c avernous wa ter - f i l l ed carbona te ro cks yi e ld s everal 
hundred to s everal thous and gal l ons per minut e ,  but , b e caus e o f  
the nar rowne s s  and s hal l owne s s  o f  the aqu i fe r s , they may show a 
pro gres s ive decreas e o f  yi e l d  wi th cont inued he avy pump ing . The 
extens ive quart z i t e  ro cks of t he P iedmont al s o  contain go o d  
aqui fe rs  where  opt imum cond i t ions such a s  deep we ather ing , open 
frac ture s and a val l ey o r  l owl and topo graphi c s i tuat ion exi s ts , 
bu t as  a who l e , they yie l d  only a sma l l  to mo de rate  supp l y . Few 
we l l s  encounter  water - b e ar ing fractur e s  a t  dep ths  gre a t e r  than 2 0 0  
to 3 0 0  fe e t . 

The App a l ach i an P l a te aus provinc e  general l y  inc l ude s the we s te rn 
hal f o f  t he App al achi an Bas in ( F i gure 6 ,  Zone D) . Fo r conven i ence , 
smal l s e gmen ts o f  the I nt e r i o r  Low P l a t e aus and Cen t r a l  Lowl and in 
cent ral Tenne s s e e and Kentucky and eas t e rn Oh i o  are t r e a t ed as part  
o f  thi s p rovince becaus e o f  s im i l ar ground - wa t e r  cond i t i on s . 
Though ground water  i s  suffic i en t  nearly everywhere fo r dome s t i c , 
comme r c i a l , and farm needs , the Appal achian P l a teaus p rovince i s  
an area o f  only mo derate we l l  and spr ing s upp l i e s - - w i t h  two imp o r t ant 
excep t i ons . 

Lo cal l y , l arge we l l  y i e l ds o f  s eve ral hun dr e d  gall ons p e r  
minut e ,  adequat e  fo r indus t r i al and mun i c ip a l  needs , a r e  o b t a inab l e . 
Many o f  these  are in the b e l t of  coarse c l as t i c  ro cks o f  P ennsylvani an 
age in the eas t e rn p ar t  o f  the province . I t  i s  reas onab l e  to exp e c t  
that o the r areas o f  above - average wat e r - b e ar in g  c ap ac i t y  exi s t  in 
unt e s t e d  par ts o f  this  b e l t of rocks . 

G l a c i a l  outwash depo s i t s in the val l eys in n o r thern Penn s y l van ia 
and along the Al l e gheny and Ohio Rivers  p rovide l arge  s upp l i e s  o f  
ground wa ter t o  mun i c ip a l i t i e s  and indus t r i e s . P re s en t  withdrawal s 
ar e onl y a smal l frac t i on o f  t he supp ly ava i l ab l e . Onl y  one o r  two 
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local i t i e s  have s e r ious p robl ems from overpump a g e . The g l a c i a l  
outwa sh i s  recharged mainly from p r e c i p i t a t ion and from adj acent 
s treams . He avy pump ing of  we l l s  l owe rs the wa t e r  l eve l in the 
outwa s h  b e low r ive r l eve l, and r iver wa t e r  i s  induce d  to  move through 
the s tr eam b e d , into t he outwas h  depo s i t s , and to the pump ing we l l s .  
Inasmuch a s  the r ive r s t age  o f  the Ohio Rive r i s  uphe l d  b y  navi g a ­
t i on dams and by f l ow augmen t a t ion from surface  re s e rvo ir s , the 
ground -water  s upp l y  ava i l ab l e  by induced in f i l t ra t ion i s  l imi t ed 
on ly by the p e rme ab i l i ty o f  the r ive r b e d  and o f  the outwas h  
depo s i t s . I n  the s t re t ch o f  outwas h  a l ong the O h i o  Rive r i n  We s t  
Vi rginia  the quan t i ty o f  ground - wa t e r  ava i l ab l e  p er m i l e  o f  
r iver l en g th r ange s  from a s  much a s  4 2  mi l l ion g a l l on s  ( 1 2 9  acre ­
fee t )  to  as  l i t t l e  a s  6 mil l ion gal lons ( 1 8  acre - fe e t )  p e r  day . 
New , h i gher d ams w i l l  ra i s e  the r iver l eve l and , in turn , may b e  
exp e c t e d  to inc r e a s e ground - water  s upp l i e s  in the a d j acent  and s ub ­
j acent o utwa s h  appre c i ab l y . 

The chemi c a l  qua l i ty and phys i cal  char a c te r i s t i c s o f  the 
ground wa te r fo r dome s t i c  and mo s t  o the r us e s  are genera l l y  s a t i s ­
fac tory with  c e r t a i n  qual i fi c a t ion . Throughou t  muc h  o f  the r e g ion 
the iron content of t he wat er may b e  troub l e s ome , and hardn e s s  
mus t b e  r eckoned wi t h  in are a s  underl a in b y  l ime s tone and marb l e . 
Howeve r , mo de rn wat e r - t re a tment t echnique s a l l ev i a t e  the s e  o b j e c t ion ­
ab l e  fe a ture s , and n ew advance s in wa te r - t r e a tment t e chno l o gy 
promi s e  add i t ional a i d . Sal ine ground wa t e r  o c cu r r ing na tural l y  
at dep ths o f  s eve r a l  hundred fe e t  t hroughout much o f  t h e  we s t e rn 
App a l a ch i an P l a t e aus t end s t o  l imi t the ava i l ab i l i ty o f  fre s h  
wa ter t o  shal l ow dep ths . 

I n  s ome o l d  o i l  f i e l d s , l e ak ing o i l - an d g a s - we l l  c a s ing s , 
b r ine d i s po s al p i t s , and the d i s charge  o f  o i l - s ep a r a to r  wa s te s  a t  
the l and surface have in the p a s t  contamina t e d  t he s ha l l ow groun d ­
water . L i quid  a n d  s o l i d  chemi c al was t e s  and m i n e  gob dep o s i t e d  o n  
t h e  l and surface y i e l d  con taminan t s  that infi l tr a t e  t o  t h e  g round 
wat e r  r e s ervo i r s . Some ground - wa t er po l lu t ion is a s s o c i at ed w i t h  
ac i d - mine wat e r  gener a t e d  i n  a c t ive and abandoned c o a l  mine s , b o t h  
surface and deep mine s . Corre c t ive a c t ion a t  b o th the s t a t e  and 
fede ral l eve l s  inc l ude s s t reng t hening and enfo r cemen t of p o l l u t ion 
l aws and fur ther f i e l d  and l ab o r a to ry r e s e a r ch into me thods  fo r 
was te  di spo s al and p o l lut i on ab a t ement . 

Wat er Qua l i ty Prob l ems 

The App a l a c h i an B a s in encomp a s s e s  a t o t a l  l an d  a r e a  of 1 6 4 , 1 1 3  
s quare mi l e s  wi t h  a popul a t i on o f  app rox ima t e ly 1 5 , 6 1 0 , 0 0 0 . Dr a inage 
from o l d  mine s p o l lu t e s  s urface and groun d  w a t e r  in l ar g e  a r e a s  in 
the coal  mining r e g i on of the App a l a ch i an B a s in . 

In  the reg ion many s tr e ams dra in ing min in g a r e a s  are a c i d . 
They con t a in hard cal c ium sul fate typ e wat e r s  and o f t en r e qu i r e  
ex t ens ive t r e a tment fo r dome s t ic and indu s t r i a l  u s e s .  The s e  wat e r s  
range in d i s s o lved s o l i ds concent rat ions from 5 0 0  mg/ 1  o r  mo re in 
the l arger  s tr e ams and o f t en exceed 2 , 0 0 0  mg/ 1 in the s ma l l e r  s tr e ams . 
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The s e  s t r e ams drain 1 3  p e r c ent o f  the reg i on and ar e l o c a t ed in the 
coal  mining a r e a s  of P enns ylvan i a , We s t  Vir g in i a , Ken tucky , Ohio , 
and Tenne s s e e . About 6 mi l l ion p eop l e  are d i r e c t ly a f fe c t e d  b y  
ac id- mine drainag e and r e l a t e d  environmen t a l  p rob l ems caus e d  b y  
c o a l  min in g . 

Many sma l l and medium s i z e  c i t i e s  in the r e g i on wi thd r aw wat e r  
from s t re ams a f fe c t e d  b y  mine drainage . The l ar g e s t  town s  are 
l o c a t e d  in We s t  V i r g i n i a  and inc lud e  C l arksburg ( 3 0 , 0 0 0 ) , F a i rmont 
( 2 7 , 0 0 0 ) , and Mo rgan town ( 2 3 , 0 0 0 ) . 

Any inc r e a s e  in wate r demands in the r e g ion through the year 
2 0 0 0  dep ends on the deve l opment of  co al and p e tr o l eum re s ource s . 
I n  1 9 7 0 , j us t  und e r  6 0 0  mi l l ion tons o f  c o a l  we r e  min e d  in the 
Uni ted S t a t e s . Approxima t e ly 6 0  p er cent o f  the coal  was mined in 
the Appal ach i an B a s in . I t  has b e en e s t imat ed that b y  the year  
2 0 0 0 , 9 0 0  mi l l ion tons of  co al wi l l  b e  requ i red  to me e t  the energy 
demands at  tha t t ime . S i gn i fi cant co al re s e rve s ar e l o ca t e d  in  
the r e g ion , but  unl e s s  s teps  are taken now to  contro l the  mine ­
draining p rob l ems , t he deve l o pment o f  add i t ional r e s e rve s in thi s  
area may me e t  wi th pub l i c  and l e g i s l a t ive r e s i s t ance . 

Current co s t s  for treat ing a c i d -mine wa t e r s  are s hown in 
Tab l e  2 1 . The flow of ac id- mine d i s charge (AMD) wa t e r s  amount s  to 
s ome 1 , 4 0 0  mi l l ion gal l ons p er day a l one . Th i s  amoun t s  to an 
equ ipment marke t o f  $ 2 5 0 to  $ 5 0 0  mi l l ion . The annua l l ime marke t 
wou l d  amount t o  1 to 2 mi l l ion tons p e r  ye ar . 

TA BLE 21 

CU R R ENT COSTS FO R TR EATI N G  ACI D-M I N E  WATERS 

Operati n g  Costs 
Process Water ($/ 1 ,000 gals)  

Distillation * 2.36-0.49 

Crystallization * 3.10-0.85 

Membrane ( E D ,  ROI * 2.57-0.68 

Neutralization-Oxidation t 1.09 

Neutralizatiqn-Oxidation :1: 0.72 

Neutralization-Oxidation § 0.087 

Neutralization-Oxidation I I  0.226 

l on Exchange * *  0.537 
* 0.43-0.49 

* Acidity 600 mg/ 1 ,  Su lfate 750 mg/ 1 ,  Fe 1 20 mg/ 1 ,  OS 1 ,085 mg / 1  
t Acidity 4040 mg / 1 ,  Su lfate 1 0,000 mg/ 1 ,  Fe 8 1 5  mg/ 1 ,  O S  1 8,300 mg / 1  
+ Acidity 770 mg / 1 ,  Su lfate 1 ,360 mg/ 1 ,  Fe 225 mg/ 1 ,  O S  1 ,920 mg / 1  
§ Acidity 1 90 mg / 1 ,  Su lfate 290 mg/ 1 ,  Fe 5.8 mg / 1 ,  O S  560 mg / 1  
II Acidity 560 mg/ 1 ,  Su lfate 3,430 mg/ 1 ,  F e  360 mg / 1 ,  O S  6, 1 00 mg / 1  
* *  Acidity 1 250 mg / 1 ,  Su lfate 5,656 mg/ 1 ,  Fe 712 mg / 1 ,  O S  9,080 mg / 1  
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Capital Costs 
($/ 1 ,000 gals/yr) 

13.00-3.15 

12.00-3.60 

6.90-2.45 

4.00 

3.60 

0.50 

0.50 

1.30 

n . a .  



Chap t e r  Nine 

WATE R  REQU I REMENTS FOR NUC LEAR , 
O I L ,  AND GAS - F I RED E LE CTRI CAL GENERAT I ON 

I N I NLAND WE STERN STAT E S  

Wa t e r  r e qu i r emen ts  fo r nuc l ear a n d  o i l  and g a s - f i r e d  e l e c t r i ca l  
gene r a ti on wi l l  impo s e  addi t iona l demands fo r wa t e r b e yond tho s e 
pro j e c t e d fo r c oa l  and o i l  s ha l e  deve l o pmen t . The  T a s k  G r o up con ­
s id e r e d  the magn i tude o f  th i s  a dd i t i ona l demand and i t s c on s e quenc e s . 

The pr o j ec t i ons fr om th e " 1 9 7 0  Na t i ona l Powe r Survey o f  The r -
mal  Genera t ion Re s ourc e s  for t h e  We s t  Re g i on , S e rved  b y  I n l and C o o l ing 
Wa t e r  Sourc e s "  we r e  ado p t e d  as  the p r imary r e fe r enc e .* The c apac i ty 
add i t i o ns pr o j ec t e d  in tha t s tudy we r e  e s t ima t e d  f o r  the  t ime  p e r i o ds 
1 9 7 1  to  1 9 8 0  and 1 9 8 1 to  1 9 9 0 . The s e  pro j e c t i on s we r e  r e c a s t into  
th e 1 9 8 5 t im e frame by  in terpo l a t ion ; the r e s ul t s ar e s hown in  
Tab l e  22  for the  max imum bui l dup , Ca s e  I .  

TA BLE 22 
CAS E I 

WATER R EQU I R E M E NTS FO R N U C LEAR A N D  
O I L  AN D GAS-FI R E D  ELECTR I CAL G E N E RATI ON A D DITI O N S  

I N  S E LECTED WESTE R N  STATES - 1 971 - 1 985 
( M il l ions of Acre- Feet of Water Per Yea r)  

Upper Colorado River States 

Arizona 

Colorado 

New Mexico 

Utah 

Upper Missouri River States 

Montana 

N uclear 

8 
24 

8 
60 

24 

Oil  a n d  
Gas-Fi red 

1 5  
0 
7 
0 

0 

Tota l 

23 
24 
1 5  
60 

24 

Wa t e r  to me e t  t he pr o j e c t e d  Cas e I c o a l  and o i l  s ha l e  ene r gy 
devel opment , a s  we l l  a s  the above pro j e c t e d  nuc l e a r  and o i l - and 
gas - f i r e d  e l e c tr i ca l  g en e ra t i on r e qu i r ement s c an p r o bab l y  be made  
ava i lab le . Howeve r ,  in Ar i zona , Co l or ado and New Mex i c o  s e r ious 
sho r tages  may deve l o p  un l e s s  wa t e r  i s  dive r t e d  from i r r i g a t i on or 
o ther  non - energy us e . 

* F e d e r a l  Powe r Comm i s s i on , Th e 1 9 ? 0  Na t i o n a l Po w e r  Su r v e y  
(Wa shing t on , D . C . , 1 9 7 0 ) . 

6 7  



Nuc l e a r  and o i l - and g a s - f i re d g enerat ing p l ant s c an b e  l o c a t e d  
near l o a d  (popul a t i on )  centers  and away from compe t i t ive l ow - co s t  
fue l depo s i ts . The r e fo r e , i t  i s  l ike l y  that nuc l e ar  and o i l - and 
ga s - fi r ed p l ant s wi l l  n o t  comp e te d i r e c t l y  for the s ame wa t e r  s up ­
p l i e s  wh i ch wo ul d b e  require d  for c o a l  and o i l  s ha l e  deve l o pment . 
For  examp l e , s uch p l an t s  might b e  l o c a t e d  on the e a s t e rn s l op e  o f  
Co l o r ado , a l on g  the R i o  Grande River in New Mex i c o  o r  near  Pho en ix 
in Ar i zon a .  I n  the s e  l o c a t i ons , t he s e pl an t s  wou l d  n o t  ne c e s s ar i l y  
c omp e t e  f o r  wa t e r  s upp l i es wi th energy p l an t s  l o c a t e d  n e a r  t h e  o i l 
sha l e  depo s i t s  in we s t e rn C o l or ado or  the c o a l  f i e l ds in nor thern 
New Mex i co and Ar i z ona . 
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C hap t e r  T en 

E ST I MATE S OF  CAP I TAL AND T I ME REQU I REMENT S TO 
DEVE LOP WATE R  SUP P L I E S  FOR ENE RGY P RODU CT I ON 

The d eve l opment o f  f irm supp l i e s  o f  wat e r  f o r  energy p r o duc ing 
p l an t s  wi l l  r e qu i r e  v ary ing l eve l s  of c ap i t a l  and c o n s t ruc t ion t ime . 
The r e qu i r ement s vary d ep ending up on the s i z e and l o c a t i on o f  im ­
p ound ing or  d ive r s i on s t ructu r e s  wh i c h  may b e  r e qu i r e d  and t h e  
cap ac i ty and l ength o f  aqueduc t s . The e s t imat e s  o f  n ew cap i t al 
requ i r ement s are  s hown in T ab l e s  2 3  and 2 4 . O f  c o ur s e , the s e  e s t i ­
mat e s  we re  not  in t ended and s hou l d  not  b e  u s e d  a s  a s ub s t i tu t e  f o r  
comp e t ent eng ine e r ing s tud i e s  i n  conne c t ion  w i th  any o n e  s p e c i f ic 
s i tuat ion . 

TA BLE 23 

CASE I 
N EW CAPITAL R EQU I R E M ENTS -

U PPER COLORADO RIVER BAS I N  
( M i l l ions of Dol lars)  

Water Demand D a m  Aq ued ucts Total 

Arizona - 62 MA F / Y  1 5-30 
Glen Canyon 
(about 35 MAF available) Existing 1 5-30 

New Mexico - 1 80 MA F / Y  50-75 
Navajo Reservoir 
(about 1 00 MA F available) Existing 50-75 
Other Projects ? ? 

Utah - 42 MAF /Y 1 5  
Oil Shale Supply - 1 8  MA F / Y  
(White River) 5 5 
Coal Supply - 24 MA F / Y  
(Green and Colorado Rivers) Existing 5 

Colorado - 1 1 2 MA F / Y  20-25 
Green Mountain and Reudi Reservoirs 
(plus direct flow diversions) Existing 20-25 

Tota l 5 95-1 40 100-145 
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TA B LE 24 

CASE I 
N EW CAPITAL R EQ U I R EM E NTS 
U P PER M I SSO U R I  R I V E R  BAS I N  

( M i l l ions of Dol lars )  

Water D e m a n d  D a m  Aqueduct Total 

Montana - 317 MA F / Y  

Tongue River - 60 MAF/Y 40 5 45 

Powder River - 20 MAF/Y 10 5 15 

Big H orn River - 244 MAF I Y 
( Montana-Wyoming Aqueduct) Existing 400 400* 

Subtota l 50 410 460 

Wyoming - 355 MAF/Y 

Powder River - 100 MAF/Y 30 30 60 

Tongue River - 30 MAF / Y  15 5 20 

Big Horn River - 382 MAF /Y 
( Montana-Wyoming Aqueduct) Existing 310 310* 

Su btota l 45 345 390 

North Dakota - 144 MAF / Y  

Missouri River - 144 MAF/Y Existing 100 100 

South Dakota - 20 MAF I Y  

Little Missouri - 20 MA F/Y 5 5 10 

Tota l 1 00 860 960 

*Assumes that an integrated aqueduct system to serve the requirements of both M ontana and Wyoming (for example, the 
US B R  Montana-Wyoming aqueduct) will be constructed . The division of costs here shown is based on physical location of 
system elements and does not attempt to al locate costs on a service-rendered basis. 

CAP I TAL REQU I REMENT S 

T he e s t ima t e s  o f  c ap i t a l  r e qu i r emen t s  f o r  d am c on s t ru c t ion 
have  b e en t aken e i the r f r om pub l i s hed informa t i on on d ams  wh i ch 
have b e en p l anne d  f o r  the deve l opment o f  the  i d e n t i f i ed wat e r 
s ourc e o r  a r e  ex t r ap o l a t e d  from e s t ima t e s  f o r  o th e r  dams wh i c h  
s hou l d  b e  comp arab l e  t o  t ho s e  r e qu i r e d . C ap i t a l  c o s t  e s t ima t e s  f o r  
p ip e l ine s ar e mor e  nebu l ous , exc ep t  i n  the  c a s e o f  the  Mon t an a ­
Wyom ing Aque du c t  whe r e  t he s ource  o f  wat e r  and t h e  c o a l  d ep o s i t s  t o  
b e  dev e l op e d  a r e  known and whe r e  the U . S .  Bur e au o f  Rec l am a t ion  
(US BR) has  comp l e t ed an  app r a i s a l  r ep o r t  on the p r o j e c t . 

C ap i t a l  r e qu i r emen t s for  dams and aque duc t s , t o  s erve C a s e  I 
ene rgy p l an t s  in  the  C o l o rado and Mi s s our i River Bas i n s , a r e  in ­
d i c a t e d  in the  fo l l ow ing s e c t i ons .  
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T o  deve l op a supp ly for  s ome 2 2  p l an t  un i t s  p r o j e c t e d  through 
1 9 8 5  for  the Upp e r  Co l o r ado River Bas in , the new c ap i t a l  inve s tment 
wi l l  b e  ab out $ 6  m i l l ion for e ach  p l an t . T h i s  l ow c ap i t a l  r e qu i r e ­
ment r e f l e c t s  the p re s en t  ex i s t enc e o f  a numb e r  o f  maj o r  dams and 
r e s e rvo i r s  on t he C o l o r ado River and i t s  t r i bu t a r i e s , and the p rox ­
im i ty o f  the o i l  s h a l e and c o a l  depo s i t s  t o  the s e  r e s e rvo i r s  o r  t o  
the r iver  be l ow such r e s e rvo ir s . Henc e , o n l y  l im i t e d  d am c o n s truc ­
t i on and s ho r t  aqu e du c t  f ac i l i t i e s  w i l l  b e  r e qu ir e d . 

I n  add i t i on t o  the  c o s t s  r e f l e c t e d  above , t h e r e  w i l l  b e  an 
add i t i onal  cap i t a l  r e qu i r ement for  d i s t r ibut ion f ac i l i t i e s  from 
p ip e l ine  t e rm ina l s  o r  turnou t s  t o  sup p l y  ind iv idua l p l an t s . I n  the 
ab s ence of sp e c i f i c  s i t ing p r o j e c t ions , it  is  only p o s s ib l e  t o  
e s t ima t e  that  the s e  f ac i l i t i e s  f o r  ind iv i du a l  p l an t s wou l d  r equ i r e  
inv e s tment o f  l e s s  t h an $ 5  m i l l i on .  

The s e  e s t imat e s  ind i c a t e  that new c ap i t a l  r equ i r emen t s  f o r  the  
dev e l opment o f  wat e r  s upp l i e s  fo r ene rgy p r o du c ing p l an t s  ( s hown in  
Tab l e  2 4 )  in  the  Upp e r  Mi s s ou r i  Rive r B a s i n  c ou l d  r e q u i re  $ 9 6 0  
m i l l i on for ma j o r  demand aque du c t  f ac i l i t i e s , p lu s  up t o  $ 3 0 0  m i l ­
l ion for d i s t r ibu t i on l ine s , or  an ave rage  f o r  e ac h  p l an t  o f  j us t  
ove r $ 2 0  m i l l i on . I t  s ho u l d  b e  no t e d  that  t he deve l opment o f  
" l o c a l "  s ou rc e s  f o r  the f i r s t  p l an t s  w i l l  p ro b ab l y  r e qu i r e  l e s s  
than t h i s  ave r ag e . The inve s tment fo r the  Mon t ana - Wyom ing Aqu e du c t  
wi l l  p r ov i de a cap ac i ty above t h e  p ro j e c t e d  r e qu i r emen t s  o f  s ome 
50  MMAF / Y  in Wyom ing . The r e fo r e , the r e  wou l d  b e  sub s t an t i a l  c a r ry ­
in wat e r  cap ac i ty t o  the p o s t - 1 9 8 5  p e r i o d  i f  t h e  s y s t em we r e  b u i l t  
as now conce ive d by the U S BR . Op t im i z a t ion o f  the  s c a l e  and t ime  
o f  su ch a p r o j e c t  w i l l  b e  r e qu i r e d  i f  i t  i s  t o  make i t s  m ax imum 
contr ibut ion t o  the  ene rgy supp ly s i tuat i on . 

The new cap i t a l  r e qu ir ement s for  wat e r  deve l opment a r e  l ar g e  
but a r e  only a mino r e l ement i n  the t o t a l  cap i t a l  wh i c h  w i l l  b e  
demande d  b y  mine , p l an t  and p ro du c t  t r ansm i s s i o n  f ac i l i t i e s  f o r  
proj e c t e d  energy p r o du c t i on l eve l s . 

T IME REQUI REMENT S 

T ime r e qu i r em en t s  f o r  p r o j e c t  c ons truc t i on a r e  exp e c t e d  t o  b e  
l e s s  than t ho s e  f o r  gove rnmen t a l  app rov a l s  and p e rm i t s . D am and 
aqu e duct  c on s t ruc t i on of wat e r  supp l y  f ac i l i t i e s  f o r  energy d ev e l ­
opmen t s  in the Upp e r  C o l o r ado R ive r Bas in are  m i n ima l . A p o t en t i a l  
t ime p r o b l em do e s  app e ar imm inent , howeve r ,  i n  t ha t  t h e  ne c e s s ary 
dam and p ip e l ine cons truc t i on w i l l , in mo s t  c a s e s , i nv o lve  f e d e r a l ly 
own e d  l and . S in c e  much o f  t h i s  g e o g r ap h i c  are a i s  no t e d  f o r i t s 
a e s t he t i c  a s s e t s , i t  i s  exp e c t e d  tha t  pub l i c opp o s i t i on t o  con ­
s truc t i on w i l l  deve l op and s eve re l im i t a t ions  de s i g n e d  t o  p r o t e c t 
the env i ronment may b e  imp o s e d . Re cent  exp e r i en c e  s hows t h a t  d e ­
l ays  o c c a s ioned  by the r e qu i remen t s  o f  admin s tr a t iv e  and j ud i c i a l  
bod i e s  c an c aus e s e r i ous  de l ays i n  the  con s t r uc t i on and op e ra t i on 
of  fac i l i t i e s  o f  the typ e and in the l o c a t i on s  r e qu i r e d . L aws and 
regu l a t i ons wh i c h  de t a i l  the r i ghts  and ob l i g a t i on s  o f  ent i t i e s  who 
eng ag e in the deve l opment of the s e  wat e r  r e s ou r c e s  w i l l  be n e e d e d . 
Fur the rmo r e , the  pub l i c w i l l  n e e d  t o  b e  info rm e d  o f  the  t r a d e - o f fs 
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r e qu ir e d  b e twe en energy ava i l ab i l ity and c o s t as  c omp ar e d  t o  the  
p r e s e rv a t i on of  the env i ronment . Energy l eve l p r o j e c t i o n s  c anno t 
be  me t un l e s s  gove rnmen t s  adop t r e gu l a t i ons  wh i ch a r e  supp o r t e d  by 
the pub l i c , de fens i b l e  b e fo r e  t he cour t s  and e conom i ca l ly t o l e r ab l e  
t o  indu s t ry .  The c o s t o f  de l ay wi l l  b e  m e a s u r e d  no t o n l y  i n  in ­
c r e a s e d  ene r gy p r i c e s  bu t a l s o  in d e c r e a s e d  energy av a i l ab i l i ty .  
The a t t a inment o f  energy supp ly c ap ab i l i ty a t  the p r o j e c t e d  l eve l s  
w i l l  no t p e rm i t  t he luxury o f  p r o l onged  he a r ings  and l i t ig a t i on in 
advanc e of c on s truc t i on a c t iv i t ie s . 

The comp l e t i on o f  the Mon t ana - Wyoming Aqu e du c t  by 1 9 8 1  w i l l  
b e  n e c e s s ary i f  the p ro j e c t e d  s c he du l e  o f  energy s up p l y  g r owth o f  
NP C C a s e  I i s  t o  b e  me t . But , for t h i s  aqu e du c t , the  mo r e  s i gn i f ­
i c ant p r ob l ems may b e  the p o t en t i a l  l im i t at i on imp o s e d  by- t ime  r e ­
qu i r emen t s  for  p l ann ing , eng ine e r ing and cons truc t i on .  The " l o c a l "  
wat e r  supp l ie s , wh i c h  c an b e  exp e c t e d  t o  s e rve t h e  e ar l i e s t p l an t s , 
are e s t imat e d  t o  r e qu ir e  eng ine e r ing and c on s truc t i on p er i o d s  o f  3 
to 4 years - - comp a r abl e t o  the eng ine e r ing and c on s t ruc t i on t ime fo r 
the p l an t s  t o  b e  s e rve d .  The t ime r e qu i r ement b e c ome s mor e a l arm ­
ing when maj o r  aque duc t f ac i l i t i e s  are c on s i d e re d .  The  U S BR e s t i ­
mate d that the Mont ana - Wyoming Aquedu c t  ( a  s y s t em t o  t ransp or t  
wat e r  f rom t h e  B i g  Horn - Y e l l ows t one River s  i n t o  t h e  c o a l - b e ar ing 
ar e a s  o f  Mont an a  and Wyom ing ' s  P owder Riv e r  c o a l  f i e ld s ) c ou l d  b e  
i n  s e rv i c e  by 1 9 8 1 , i f  ( 1 )  p l ann ing , eng ine e r ing and c on s t ru c t i on 
we re pursued in an aggr e s s ive manner from 1 9 7 2  forw ar d ; ( 2 )  the  
C ong r e s s autho r i z e d  the USBR t o  proceed  on t ha t  t ime t ab l e ; ( 3 )  in ­
dus try ind i c a t e d  s upp o r t  for the proj e ct ; and ( 4 )  indu s try was  
wi l l ing t o  ent e r  into  wate r s e rv i c e  cont r ac t s  a s  e ar l y  as  1 9 7 6 .  
C omp l e t i on o f  the Mon t ana - Wyoming Aquedu c t , o r  o th e r  p r o j ec t s  o f  
c omp ar ab l e  magn i tude , w i l l  b e  r e qu i r e d  i f  the l ar g e  energy deve l op ­
ment s p r o j e ct e d  in Wyom ing are  t o  be  s a t i s f i e d . Sma l l e r  p r o j e c t s  
requ i r ing l e s s  t ime f o r  comp l e t i ori cou l d  s e rve  t he p r oj e c t e d  r e ­
qu i r ement s in Mon t an a , North Dakot a and South  Dako t a . F i gu r e  7 and 
Tab l e s  1 7  and 1 8  s how the time fr ame for  the g r owth o f  the C a s e  I 
energy indus t ry in Montana and Wyoming , and F i gure s 7 and 8 show 
the c r i t ic a l  r e l at i on s h ip b e twe en the energy - indu s t ry wat e r  r e qu i r e ­
men t s  in the s e  s t a t e s  and the t ime r e qu i r ement s f o r  dev e l opment o f  
the n e ce s s ary w a t e r  supp ly . 
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APPEND I X  A 

WATER AVAI LAB I L I TY TASK G ROUP 

CHAI RMAN 

W .  B .  Ol iver , Manager  
Re s ourc e s  Acqui s i t i ons 
Car t e r  Oi l Comp any 

AS S I S TANT TO THE CHAI RMAN 

C .  Don a l d  Ge i g e r  
Re s ourc e s  Acqui s i t i ons 
Car t e r  O i l  Comp any 

No rthcutt E l y  
Washing t on , D . C .  

Jame s E l l ingbo e 
Sp e c i a l  Proj e c t s  Offi c e r  
Divi s ion o f  P l ann ing 
Bureau o f  Re c l ama t ion  

COCHAI RMAN 

G e o rge W .  Whe t s tone  
As s i s tant Ch i e f  Hydro l o g i s t  
U . S .  G e o l o g i c a l  Survey 
Dep ar tme nt o f  the Int e r i o r  

S E CRE TARY 

Edmond H .  F a r r i ng t on 
Consu l t ant 
Nat i ona l P e t r o l e um Counc i l  

* * * 

J .  Eme r s on Harp e r  
As s i s tant & Powe r Eng ine e r ing 

Advi s o r  
Off i c e  o f  As s i s t ant S e c r e t a ry - ­

Wa t e r  & Powe r Re s ourc e s  
U . S .  Dep a r tment o f  t he I nt e r i o r  

S P E C I AL AS S I S TANTS 

Jame s W.  Winfrey 
Consu l t ant 
Na t i ona l Pe t ro l eum Counc i l  

U . S .  Dep artment o f  the I nt e r i o r  Jame s E .  H i c key , Jr . 
Wa s h i ngton , D . C .  

Wayne M .  Lee  
Wa sh ington , D . C .  
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APPEND I X  C 

COORD INAT I NG SUBCOMM I TTEE 
OF THE 

NAT I ONAL PE TROLEUM C OUNC I L ' S 
COMM I TTEE ON U . S .  ENERGY OUTLOOK 

CHAI RMAN 

Warren B .  D av i s  
D i rec tor , E conom i c s  
Gu l f  O i l  Corporat i on 

ALTERNATE COCHA I RMAN 

Dav id R .  O l ivert 
As s i s tant D i r e c t or 
P l ans  and Programs 
U . S .  Off i c e  o f  O i l  and Gas  
Department o f  the I n t e r i o r  

J .  A .  Cob l e  
C h i e f  E c onom i s t  
Mob i l  O i l  Co rp o r a t i on 

* 

N .  G .  Dumb ro s ,  V i c e  P re s ident 
Indu s t ry and Pub l i c  Affa i r s  
Mar athon O i l  C omp any 

Jack W. Ro ach 
Vice Pre s ident 
Hydroc arb on D eve l opment 
Kerr -Mc G e e  C orpora t i on 

SPEC IAL ASS I STANT S 

Char l e s  M .  Al l en 
Exp l orat ion & Produc t i on Dept . 
Ph i l l ip s  P e t r o l eum C omp any 

Andrew Avr am i de s  
Deputy D i r e c t o r  
Nat ional P e tr o l eum C ounc i l  

* 

COCHA I RMAN 

G ene P .  Mo rr e l l , D ir e c t or * 
U . S .  O f f i c e  o f  O i l  and Gas  
Department o f  the  I n t e r i o r  

SECRETARY 

V incent M .  Brown 
Execut ive D i re c t o r  

· Na t ional  P e t ro l eum C oun c i l  

* 

S amue l S c hwa r t z 
V i c e  P r e s ident , C o o r d in a t ing 

and P l ann ing D e p a r tment 
Cont inen t a l  O i l  C omp any 

W .  T .  S l i c k , J r . 
Manag er , Pub l ic A f fa i r s  
Exxon C ompany , U . S . A .  

S am Sm i th 
V i c e  P r e s ident  
El  Paso  Natur a l  G a s  C ompany 

STUDY AREAS 

P e t ro l eum 

Ene rgy Demand and Pe t ro l eum 

* Served unt i l  De cemb e r  1 5 , 1 9 7 2 ; rep l ac ed by Duke R .  L igon  

t Rep l a c e d  Henry C .  Rub in in June 1 9 7 2 . 
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W .  J .  Be irne , Jr . 
P r o du c t i on Depar tment 
Exxon Company , U . S . A .  

Jame s H .  Br ann i g an 
I n du s try Aff a i r s  Sp e c i a l i s t  
Mara thon O i l  C omp any 

Henry G .  Cor ey , Man ag e r  
C o o r d inat ing & P l ann ing D ep t .  
C ont ine tnal O i l  C omp any 

E dmond H .  F arr ing ton 
Consu l tant 
Nat ional  P e tr o l eum C ounc i l  

Har ry Gevertz  
Mana g e r , Sp e c i a l  P ro j e c t s  
E l  P a s o  Natu r a l  G a s  C omp any 

8 0  

P e tro l eum 

P e t ro l eum and G ov e r nment 
P o l i c i e s  

Tr ends Beyond 1 9 8 5  and B a l ance 
o f  Trade 

O the r Ene r g y  Re s ourc e s  

P e t ro l eum 



APPEND I X  D 

OTHER ENERGY RE SOURCE S  SUB C OMMI TTEE 
OF  THE 

NAT I ONAL PE TROLEUM C OUNC I L ' S  
C OMMI TTEE ON U . S .  ENE RGY OUTLOOK 

CHA I RMAN 

Jack W .  Ro ach , V i c e  Pre s i d e n t  
Hydroc ar bon Dev e l opment 
Ke rr - Mc Ge e  Corp o r at i o n  

COCHA I RMAN 

John B .  Ri gg , Depu t y  As s i s t an t  
S ec r e t ary , Mine r a l s P r o gr ams 

U . S .  Depar tment o f  the  I n t er i o r 

* 

G .  W .  Be eman , V i c e  P r e s ident  
Commonwe al th  Ed i s o n  Comp any 

H .  E .  Bond , Vi c e  P r e s ident 
Synthe t ic Crud e and Miner a l s  

D iv i s i on 
At l ant i c  Rich fi e l d  Company 

Thomas H .  Burb ank 
Vi c e  Pre s ident 
Ed i s on E l e c t r i c  I n s t i tu t e  

Ri chard 0 .  Burk , D ir e c t or 
Deve l opment Pl ann ing  
Sun Oil  Comp any 

Pau l  S .  Bu t t on 
D i r e c t o r  o f P owe r Marke t in g  
Tenne s s e e  Va l l ey Au tho r i ty 

Ru s s e l l  J .  Came ron , Pr e s ident  
C ameron Eng i ne e r s  

Harol d  Carve r , Mana g e r  
Sha l e  O i l  Depar tment 
Un i on O i l  C ompany o f C al i fo rn i a  

Bernard B .  Chew , Ch i e f* 
Power Surveys and Anal y s e s  
Bur e au o f Powe r  
Fed e ra l P owe r Commi s s i on 

* 

SECRE TARY 

E dmond H .  F ar r i n g t o n  
C on su l t an t  
Na t i ona l P e t r o l e um Counc i l  

* 

Geor g e  H .  C obb 
Ex ecu t iv e  V i c e  P r e s ident  
Kerr - Mc Ge e  C o rp o r at i on 

H .  L .  D e l oney 
Vice Pr e s ident  fo r  Fu e l s  
Midd l e  S ou t h  Se rv ic e s 

Dr . T .  M .  D o s c h e r  
E & P C on su l t ing En g ine e r 
She l l O i l  C omp any 

Dr . Rex T .  E l l ington  
c/o  C ameron Engine e r s 

N o r t hcu t t  E l y  
Wa shington , D . C .  

Ra f fo rd L .  Fau l kn e r  
Bethe s da , Maryl and 

P au l  R .  Fry , D i rec t o r  
Econom i c s  and Re s ea r ch 
Ame r i c an Pub l i c  P ower As s o c i a t i on 

R .  B .  Gal b r e a t h , Mana ge r  
Tec hno l ogy 
C it ie s S e rv i c e  C ompany 

L e on P .  Gau c h e r  
Consu l t ant ( Tex a c o  Inc . )  

* Rep l ac ed Geor g e  E .  Toml i n s on - - Ju l y  1 9 7 2 . 
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C .  Dona l d  G e i g e r  
Re s ourc e s  Ac qu i s i t ions 
Car t e r  O i l  C ompany 

Emanu e l  Gordon* 
Nuc l ear Fue l  Pro j e c t s  Manager  
Atomic I ndus tr i al Fo rum , Inc . 

J .  Eme r s on Harper , As s i s t ant & 
Power Eng ine e r ing Adv i s o r  

Office  o f  A s s i s t ant S ec r e t ary­
Wat e r  & Powe r Re s ou rc e s  

U . S .  Depar tment o f  th e I nt er io r  

Donald Hunt e r , D i r e c t o r t  
Uran ium Supp l y  D ivis i on 
Gul f Ener gy and Env i r onmental  

Sys t em s  

V .  M .  Johns t on , Man age r  
Ec onom i c  S e rv i c e s 
I s l and C r e e k  C o a l  Sa l e s C ompany 

John J .  Kearney , Vic e Pr e s ident 
Ed i so n  E l e c tr i c  Ins t itut e 

Arno l d  E .  Ke l l ey , A s s o c i a t e  
D i re c t o r  fo r  Re s ea r c h  Pro c e s s  
Engine er ing & Deve l o pment 

Uni on O i l  C omp any o f  Cal iforn i a  

John E .  K i l kenny 
S e n i o r  G e o l o g i s t  
Union O i l  Company o f  C a l i fo rnia  

D .  T .  K ing , D i r ec tor  
C o a l  Pr epa r at ion & D i s t r ibut i on 
U . S .  S t e e l  Corpo r a t i on 

Jame s N .  Land i s , Consu l t ant 
Becht e l  Corpor a t i on 

Ol a f  A .  L ar so n , S t a f f  Eng ine e r 
P r oc e s s  Re s e ar ch Department 
Gul f  Re s earch & Dev e l opment Co . 

John E .  L awson , D i r e c t o r  
Pro c e s s ing Gr oup fo r  Syn the t i c  

Crud e and M iner a l  Op e r at i on s  
N o r t h  Ame r i can P r o duc ing D iv i s i on 
At l an t i c  Rich f i e l d  C ompany 

Hu gh J .  L e ac h , V i c e  Pr e s ident 
Res e arch and D eve l o pment 
C leve l and - C l i ffs  I ro n  C ompany 

Dwi ght L .  Mi l l e r  
As s i s t an t  D ir e c t or , N o r t h e rn 

Re g i onal Re s e ar ch Labo r a t o ry 
Agr icu l tur e Re s ea r c h  S e rv i c e  
U . S .  Department o f  Agr icu l tu r e  

W .  B .  O l iv er ,  Mana ge r  
Re s our c e s  Ac qu i s i t ions  
C a r t e r  Oil  C ompany 

Ha rry P for z he ime r , Jr . ,  A s s i s t ant 
t o  the S en i or V i c e  Pr e s i d ent 

Na tur a l  Res ourc e s  
The S t and ard O i l  C omp any ( Oh i o ) 

D r . C .  J .  P o t t er , Cha irman 
Roche s t e r  & P i t t s bu r gh C o a l  C o . 

E .  H .  Re ichl  
Vi c e  Pr e s ident , Re s e arch 
Cons o l id a t i on Coal  C ompany 

W .  H .  Se am an , V i c e  Pr e s i dent 
Southe rn C al i fo r n i a  E d i s on Co . 

H .  W .  S e a r s , V ic e  P r e s i dent 
No r t he� s t  Ut i l it ie s  S e rv i c e  C o . 

John D .  S e lb y* 
Deputy D iv i s i on Gene r a l  Manag e r  
Nuc l ear Ene r gy D iv i s i on 
Gene r a l  E l e c t r ic Comp any 

Howard M .  S i e ge l , Man a g e r  
Synt het ic Fu e l s  Re s ear c h  Dep t . 
E s s o  Re s e ar c h  & Eng ine e r ing Co . 

* Repl ac ed J o hn T .  Sh e rman - -May 1 9 7 2 

t Rep l aced Alb e r t  Gr a ff - - Janua ry 1 9 7 2 . 

t Rep l a c e d  A .  Eug ene Schub e r t - - Janua ry 1 9 7 2 . 
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Dr . George Skap e rda s 
Manag er , P ro c e s s D eve l o pment 
Re s earch D ep artment 
The M .  W .  Kel l o g g  C ompany 

Donal d  E .  Smith , S t a f f · Economi s t  
Nat i onal Rur a l  E l e c t r ic 

Coope r at iv e  A s s o c i a t i on 

A .  M .  Wi l s on , P r e s i dent 
Ut ah Internat i onal I nc . 

F .  L e o  Wr i ght , A s s i s t ant t o  the 
Ex ecut ive V i c e  P r e s ident 

Nuc l ear Ene r gy Sys t ems  · 

We s t inghou s e  E l e c t r i c  C orpo ra t i on 

Dr . J .  F .  Wygan t , D i r e c t o r  
Pr oduc t s  & Exp l or a t o ry Re s ea r c h  
Ame r ic an O i l  C ompany 
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WATER R I GHT S : I T S  IMP L I CAT I ON 
FOR THE COAL GAS I F I CAT I ON P RO GRAM 

APPEND I X  E 

I n  much o f  the Uni t ed S t a t e s , and p a r t i cu l a r ly i n  t he s emi - ar i d  
we s t ern s t at e s , much , i f  n o t  a l l , o f  the ava i l ab l e  wat e r  i s  a l r e ady 
comm i t t e d  t o  o ther  u s e s . Bu t l a r g e  amoun t s  o f  wa t e r  w i l l  b e  r e ­
qu ired for  the c o a l  g a s i f i c a t ion p r o g r am .  The r e f o r e , w a t e r  r i ght s 
w i l l  have d ir e c t  and p r onounced e ffe c t s  on the ava i l ab i l i ty o f  a 
wat er supp l y  f o r  t h i s  purp o s e . T h i s  app end ix b r i e f ly de s c r ib e s  
wa t e r  r i g h t s  i n  s ever a l  ar e as and how they c o u l d  af f e c t  c o a l  g a s i ­
f icat i on . * 

Wa t e r  r ig ht s  l aws have dev e l op e d  and chang e d  t o  me e t  the  needs  
o f  the ar e a . Whe r e  the amount o f  wat e r  is  amp l e  they are  a imed 
toward making it  ava i l ab l e  to  a l l . Whe r e  the s upp l i e s  ar e no t 
amp l e , the a im i s  t o  put the ava i l ab l e  supp ly t o  the  b e s t  u s e . 

The l aw chang e s  w i th the needs  o f  the  p e op l e . I f  the l aw 
cr e a t e s  a s er ious  ob s t ac l e  t o  a de s i r e d  dev e l opment  tha t c ann o t  b e  
overcome by ec onom i c  o r  c o op e r a t ive  means , t h e r e  i s  a lway s  the  p o s ­
s ib i l i ty o f  s o lut i on by j ud i c i a l  or  l e g i s l at iv e  ac t i on . 

Wa t e r  r i g h t s  l aws are  comp l ex and vary f r om s t a t e  t o  s t a t e  and 
t here  ar e two g ene r a l  typ e s : r ipar i an r i g h t s  and r i g h t s  by p r i o r  
app rop r i a t i on . They are  mixed t o  varying e x t en t s i n  s ome s t a t e s . 

RI PAR IAN R I G HT S  

Ripar ian r ig h t s  g ive e qu a l  r i ghts  t o  the wat er o f  a s tr e am t o  
a l l  the l ands that t ouch t h e  s t r e am .  The wat e r  c ann o t  b e  u s e d  out ­
s ide the b as in o f  the  s t r e am , however , even though a t r a c t  o f  l and 
border ing the s t r e am ex t ends beyond the wat e r s he d  b oundary . S ome 
s t at e s  l im i t  the r i ght  to the t r a c t  of l and t o  wh i c h  the  r i g h t  
f ir s t  app l i e d . I n  tho s e  s t at e s , a r ip a r i an r i g h t  t o  a t r a c t o f  
l and no t c ont iguou s t o  t h e  s t r e am c anno t b e  o b t a ined  by· pur chas ing 
the l and b e tween i t  and the s t r e am .  

S ince  t he r i ght i s  appurt enant to the l and , i t  ex i s t s  whe ther 
or not  it  ac tual ly is  ut i l i z e d and it  may b e  ex e r c i s e d a t  any t ime . 
I t  i s  n o t  f o r f e i t e d  by non - us e . 

The r ip a r i an r i g h t s  do c t r ine deve l op e d  in Eng l and and the  
hum id e a s t e rn s ta t e s . I t  is  b a s i c  wat e r  l aw of  the  t i e r  of  s t at e s  
ex tend ing from L ou i s i ana t hr ough Minne s o t a  and s t a t e s  t o  t h e  e a s t  
o f t h i s  t i e r , w i th t h e  exc ep t i on o f  I owa and M i s s i s s ipp i . 

* Thi s s ec t i o n  i s  b as e d  on Tres l e as e , Frank J . , App l i e d 
Hy dro l o gy ,  Chap t e r  2 7 , New Yo rk : Mc Graw - Hi l l  ( 1 9 6 4 ) . 
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I n  g en e ra l , r i p ar i an r ights  are re s t r i c t e d  t o  a r e a s onab l e  
u s e  and quan t i ty , whi ch o f t en mus t  b e  de f ined  f o r  sp e c i f i c  c a s e s  
by the cour t s . I n  s ome s t a t e s , non - r ip ar i an own e r s  c an pur cha s e  
the r ig h t s  o f  r ip ar i an own e r s  and u s e  the w a t e r  for r e a s onab l e  
purp o s e s  and i n  r e a s on ab l e  amoun t  o f  non - r ip ar i an l ands . The  t e s t  
o f  r e a s onab l ene s s  i s  sub j e c t  t o  d e t e rm inat i on b y  the cour t s  i n  
doub t ful  c a s e s . 

A pub l i c  or s em i - pub l i c  b o dy gener a l ly ha s the p ower to t ake 
r ip ar i an wat e r  r ight s for a pub l i c  purp o s e  by  c on demn a t i on w i th 
p ayment o f  a j u s t  comp en s a t ion . Governmen t a l  a g enc i e s  and c o rp o r ­
at ions  p e rf o rm ing a pub l i c s e rvice , such as  u t i l i t i e s , have t h i s  
right  o f  eminent doma in . 

· 

The fact  tha t a non - r ip ar i an us e w i l l  b e  de t r imen t a l  t o  a 
r ip ar i an r i ght do e s  n o t  ne ce s s ar i ly me an that the non - r ip ar i an u s e 
i s  fore s t a l l ed . The owner  o f . the sup e r i o r  r i gh t  may b e  w i l l ing t o  
r e l inqu i s h  h i s  r i ght upon p ayment , or , i f  t h e  d amag e i s  n o t  obv ious , 
he may make no obj e c t i on . T he l at t e r  p o s s ib i l i ty i s  mo s t  l i k e l y  to  
oc cu r  whe r e  the wat e r  in que s t ion i s  a sma l l  p ar t  of  the t o t a l  f l ow 
o f  a r iver . 

S ince  the d o c t r ine o f  r i p ar i an r i ghts  i s  b a s e d  on the a s sump ­
t i on that the r e  i s  w a t e r  enough for a l l  who a r e  ent i t l ed t o  i t s  
u s e , the doc t r ine i s  inadequate f o r  the a r i d  and s em i - a r id l ands o f  
t h e  we s t e rn s t at e s . I n  t ho s e  s t a t e s  the b a s i c  wat e r  r i ght  i s  b a s ed 
on the d o c t r ine o f  p r i o r  app r op r i a t ion . 

APP ROPRIATED R I GHT S - - COLORADO DOCTR I NE 

App rop r i at i on i s  the only me thod o f  ob t a in ing w a t e r  r ight s in 
A l a s ka , Ar i z ona , C o l o r ado , I daho , Mont ana , Nevada , New Mex i c o , U t ah 
and Wyoming . The s e  s t at e s  fol l ow what i s  t ermed the " C o l o rado 
Doc t r ine . "  I n  the P a c i f i c  C o a s t S t a t e s  and the  Great P l a i n s  S t at e s , 
both appropr i a t ion r i ght s and r ip ar i an r i gh t s  a r e  r e c o gn i z ed t o  
s ome e x t en t , bu t the l a t t e r  usual ly on ly i n  t h e  c a s e o f  o l d  r ight s . 
The s e  s t at e s  fo l l ow what i s  g ene r a l ly r e f e r r e d  t o  a s  the  " C a l i fo r -
n i a  Do c t r ine . "  

Bene f i c i a l  U s e  and P r i o r i ty o f  U s e  

T h e  g en e r a l  fe ature s  o f  approp r ia t ion r i g h t s  under t h e  
Co l orado Doc t r ine ar e t h a t  the r ight s a�e b a s e d  on b en e f i c i a l  u s e 
and no t .owne r s h ip o f  l and . I n  c a s e  o f  a shor t ag e , p r i o r i ty o f  u s e  
rather than e qu a l i ty o f  r ight s i s  the cr i t e r ion for d i s t r ibu t ion . 

I n  g enera l ,  any l e g a l  ent i ty c an app r op r i a t e  water . App r o ­
p r i a t i on cons i s t s  o f  f i l ing an app l i c a t i on w i t h  the p r e s cr ib e d  
autho r i ty , p hy s i c a l ly  d ivert ing the wat er and pu t t ing the wat e r  t o  
bene f i c i a l  u s e . The t e rm " b ene f i c i a l  u s e "  u su a l ly  i s  interp r e t e d  
broadly , but i t  mu s t  be  r e a s onab l e  and e conom i c  in v i ew o f  o th e r  
demands for the wat e r . 
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P r ior  Right  Has P r e c edence Over  Jun i o r  Right s 

The app r op r i a t i on o f  wa t e r  always mus t b e  f o r  a d e f in i t e  
quant i ty .  I f , a t  a l a t e r  d a t e , add i t i on a l  wat e r  i s  app r op r i a t e d , 
the e ar l i e r  app r op r i a t i on w i l l have a h i gher  p r i or i ty than the  i n ­
cremen t a l  p r i o r i ty . 

Usua l ly , d i r e c t  f l ow app r op r i a t i on r ig h t s  a r e  exp r e s s ed as  a 
max imum f l ow ,  but i t  canno t exc e e d  t he amount that i s  bene f i c i a l ly 
u s e d  at any t ime . S t o r age  r i gh t s  are  exp r e s s ed in t e rms  o f  v o lume 
of s t o r a g e  for future bene fic i a l  us e .  B e c au s e  o f  v a r ia t i on s  in 
annua l  runo f f , u s ua l l y  it is  p e rm i s s ib l e  t o  s t o r e  mo r e  than one 
ye ar ' s n e e d s  as a p r o t e c t i on aga ins t dry y e a r s . Howeve r , wat er  
c anno t  b e  s t o r e d  if  i t  in t e rfe r e s  w i t h  p r i o r  d i re c t  f l ow r i g ht s . 

An app r opr i a t i on p e rm i t s  u s e  o f  wat e r  whe r ev e r  i t  i s  n e e de d , 
exc ept that in s ome s t a t e s  there  are r e s t r i c t i ons  on exp o r t ing 
water acro s s  a s t at e  l ine . The l o c at i on of a w a t e r  r i ght on a 
s t r e am i s  imma t e r i a l ; u s e  o f  a j un i o r  r i gh t  mu s t  b e  cur t a i l e d  i f  
i t  int e rf e r e s  w i t h  a p r i o r  r i ght farther down s t r e am .  

The owner o f  an up s t r e am j un i o r  r ight c an make '  s ub s t an t i a l  
change s  i n  the r e g ime o f  a s tr eam as  l ong a s  h e  ob s e rve s the p r i o r  
r i ght s o f  a downs t r e am u s e r . He can even t ake t he d i r e c t  f l ow o f  
a r iver i f  he r ep l ac e s  i t  w i th s tored  wat e r  o r  wa t e r  imp o r t e d  from 
an out s id e  s ourc e . 

Al l app r op r i at e d  wat e r  r i ghts  mu s t  hav e  a d a t e  t o  p e rm i t  
as s ignment o f  p r i o r i t i e s . A l t hough a r i ght i s  n o t  comp l e t e  un t i l  
bene f i c i a l  u s e  ha s b e en made o f  the wat er , the  p r i o r i t y  d a t e  usu ­
al ly i s  the d a t e  o f  the f i r s t  s i gn i f i c an t  a c t i on in c onne c t i on w i t h  
t h e  approp r i a t i on , p rov ided  t h e r e  have  no t b e en undu e d e l ays i n  
comp l e t i on o f  t he ac t i on . 

Appr op r i a t e d  r i ght s s ome t ime s are  fo r a sp e c i f ic s e a s on o f  
the ye ar ; o therw i s e  they c an b e  exer c i s ed a t  any t ime the app r o ­
p r i at o r  c an put the wat e r  t o  bene f i c i a l  u s e . I n  s ome  c a s e s  c ou r t s  
hav e  he l d  t h a t  e ar l y  p a t t erns o f  u s e  e s t ab l i s h  s e a s onal  l im i t a t i ons . 

P r e ferent i a l  U s e  

The p r inc ip l e  o f  p r e ference  h a s  a v e r y  imp o r t an t  d i r e c t  imp a c t  
o n  t h e  c o a l  g a s i f i c a t i on p r o g r am .  A h i gher u s e  i s  g iven p r e fer ence 
over  a l ower u s e  even though i t s  p r i o r i ty date may be l at e r  t han 
that o f  the l ower us e . There  i s  gene r a l  agr e ement tha t  m an ' s  p e r ­
s ona l ne e d s  rank f i rs t .  The r e f or e , dome s t i c  and mun i c i p a l  us e have a 
high p r e ference , whi l e  p ower and navi gat i on us ua l ly have  a l ow p r e f ­
e rence . I r r i g a t i on , manufactur ing and m in ing a r e  g iven s ome  p r e t ­
erence in s ome the the s t at e s , usua l ly b e tween the  h i gh  and l ow 
p r e f e renc e s  ment i oned  above . Gene r a l ly , the j un i o r  p r e f e r r e d  us er  
i s  me r e l y  g iven the  p owe r t o  c ondemn the  wat e r  supp l y  o f  a s en i o r  
u s e r  w i t h  a l owe r p r e fe r ence up on the p ayment o f  c omp ens a t i on , r e ­
sul t ing in a p e rmanent change o f  wa t e r  r i g ht s  f r om the  i n fe r i o r  t o  
the p r e f er r e d  us e r . 
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I n  mo s t  s t at e s , the p er t inent adm in i s t r a t ive  o f f i c i a l  c an 
deny a p erm i t  i f  he  d e ems that  i t  i s  n o t  in  the  pub l ic in t e r e s t ,  
such a s  wher e  i s s u ing the  p e rm i t  wou l d  int e r f e r e  w i th a l ar g e r  and 
mor e d e s i r ab l e  p r o j e c t . 

Ano ther imp o r t ant  f e a tur e o f  app r op r i at e d  r ig h t s  that  a f f e c t s  
the c o a l  g a s i f i ca t i on p r o g ram i s  tha t app r op r i a t e d  wat e r  r i g h t s  
ar e p r iv a t e  p r op er ty . As such , they c an b e  bought and s o l d . 
Chan g e s  c an b e  made i n  p l ac e  o f  us e ,  p o i n t  o f  d i v e r s i on , typ e and 
t ime  of u s e , or p l ac e  of s t orage  prov i d e d  the chang e s  do n o t  i n t e r ­
f e r e  w i t h  p r i o r  r ight s o f  o ther u s e r s . Agenc i e s  and c our t s  c an 
app rove o r  forb i d  the s e  chang e s  on the b a s i s  o f  s u ch i nt e r f e r enc e . 
Some s t at e s  have adop t e d  r e s t r i c t ions  on chang e s  o f  u s e o r  c hang e s  
o f  p lac e o f  u s e . 

App r op r i a t e d  wat e r  r i ght s for  i r r i g a t i on p er t a in t o  the  l and 
and go w i th the l and i f  it is s o l d , but are fo r fe i t e d  i f  no t u s e d  
f o r  a s p e c i f i e d  p e r i o d  o f  t ime . 

An imp o r tant f e a tu r e  o f  the l aw o f  app r op r i a t i o n  i s  the do c ­
t r in e  o f  " re l at ion b a ck . " I f  an appropr i a t i on , hav ing in i t i a t e d  a 
r ight by comp l i an c e  w i th the  l aws r e sp e c t iv e  no t i c e  o f  app rop r i a ­
t i on o f  a sp e c i f i e d  quan t i ty ( o r  r a t e  o f  f l ow )  put s the  app rop r i ­
a t e d  wa t e r  t o  us e w i th r e a s onab l e  d i l i g en c e , the r ight  " r e l at e s  
b ac k" t o  the ful l  ext ent o f  the  quan t i ty , t hu s  u l t ima t e ly put  t o  
u s e  (w i th in the quant i ty o r i g ina l ly app ropr i at e d )  s o  t h a t  t h e  
or i g inal  p r i o r i ty a t t ache s t o  the quant i ty u l t imat e ly u s e d , even 
though a p e r i o d  of many years may e l a s p e  b e twe en the  two d a t e s . 
Thu s  the p r i or i ty o f  a p r o j e c t , onc e e s t ab l i s h e d , c anno t  b e  cut 
o f f  b y  t he mo r e  rap i d  comp l e t ion  of  a c omp e t i t iv e  p r o j e c t  in i t i a t e d  
l at e r  b u t  comp l e t e d  s o one r than that o f  t h e  f ir s t  app r op r i at i on .  

APP ROPRIATE D R I GHT S - - CAL I FORN I A  DOCTR I NE 

The g ene r a l  fe ature o f  the C a l i forn i a  D o c t r ine i s  s om e  m i x ­
ture o f  r ip ar i an r i g h t s  and app rop r i a t e d  r i gh t s . T h e  mo s t  c ommon 
s i tu a t i on is that o f  a s t at e  fo rmerly hav ing r ip ar i an r i gh t s , but 
l at e r  adop t ing the  app rop r i at �on metho d . G e n e r a l l y , s uch s t a t e s  
r e cogn i z e  t he o l d e r  r ip ar i an r i gh t s , b u t  sub s e qu e n t  t o  t h e  chang e ­
ove r , new r i ght s c an b e  acqu i r e d  only by app rop r i a t ion . Th i s  s i t ­
uat ion ex i s t s  in the  we s t e rn s t a t e s  o f  Kans a s , N e b r a s ka , O r e g on 
and South Dako t a . 

Unde r c e r t a in c ond i t i on s  new r ip ar i an r ig h t s  c an b e  s tar t e d  
i n  C a l i fo rn i a , N o r t h  Dako t a , Okl ahoma , and t o  s ome  e x t en t , in 
Wa s h i ng t on . The s e  s t a t e s  p e rm i t  approp r ia t i on s  that a r e  no t in ­
j ur ious t o  r i p ar i an r i ght s . I n  T ex a s , r ip ar i an r ig h t s  app ly t o  
the ord inary f l ow wh i l e  surp lus and fl o o d  wat e r s  a r e  s ub j e c t  t o  
app ropr i at i on . S ome e a s t e rn s t at e s  have g ran t e d  c e r t a in p r i o r i ­
t i e s  t o  favo r e d  indu s t r ie s , inc lud ing c e r t a in min ing ent e rp r i s e s , 
wh i l e  s t i l l  g en e r a l ly ma int a in ing r ip a r i an r ig ht s . 
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POLLUT I ON 

Gene r a l ly s p e ak ing , wat e r  r i ght s do n o t  g iv e  the u s e r  the  
r i ght t o  s e r ious ly int e r f e r e  w i th the qua l i ty o f  the  w a t e r  in the  
r iver . Th i s  include s a s ign i f i c ant r i s e  in t h e  t emp e r ature  o f  the 
wat er . N ow , b o t h  p o l lut i on l aws and the i r  enfo r c ement are unde r ­
go ing rap id  chang e .  I t  i s  r e a s onab l e  t o  an t i c ip a t e  wat e r  qua l i ty 
s tandards  and the i r  enfo r c ement in the fu ture ar e l i ke l y  t o  b e  mu ch 
h i gher than in t he p as t . 

I NTERSTATE STREAMS 

The U . S .  Supr eme C our t has j ur i s d ic t i on in c a s e s  inv o lv ing 
controver s y b e twe en s t at e s  ove r r iv e r s  c ro s s ing s t at e  l in e s  or 
form ing a b oundary be twe en the s t at e s . C ongr e s s  h a s  au tho r i ty t o  
app o r t ion the wat e r s  o f  navi gab l e  int e r s t at e  s t re am s . W i t h  t h e  
cons ent o f  C ongr e s s , the  s t at e s  c an en t e r  i n t o  a n  int e r s t a t e  c om ­
p ac t  for  the d i s tr i bu t i on o f  t he wat e r  w i thout r e s o r t ing t o  
l i t i g a t i on . 

FEDERAL LAW 

The F e d e r a l  Gove rnment has s p e c i f i c , imp o r t an t  p owe r s  over  
r ive r s  whe r e  nat i on a l  intere s t s  are  invo lve d .  B e c au s e  o f  i t s  
j ur i s d i c t i on ove r  int e r s t a t e  comme r c e , own e r s h i p  o f  l an d  adj ac ent 
t o  t he r iver , f l oo d  cont r o l and g ene r a l  we l f ar e , the F ed e r a l  
Gove rnment has fu r t h e r  exp ande d  i t s  p ower ove r t h e  r iv e r s  and 
s t r e ams . 

GROUND - WATE R LAWS 

G r ound - wa t e r  l aw t ends to be l e s s  sp e c i f i c  than sur f a c e  w a t e r  
l aw ,  l ar g e l y  b e c au s e i t  i s  b a s e d  o n  l e s s  unde r s t o o d  hydro l o g i ca l  
p r inc ip l e s . 

E a r l y  l aw d i v i d e d  g r ound wat e r  in t o  p e r co l a t ing w a t e r  and 
underground r iv e r s - - an i l l o g i c al  c l as s i f ic at ion . "Unde r g r ound 
r ive r s "  ar e very infr e quent , an d " p e r c o l a t ing wa t e r s " are  no t s i g ­
n i f i cant as a g round - wa t e r  s ource unt i l  they r e ach the  wat er t ab l e .  
The wat e r  t ab l e  i s  t he top  o f  the z one of  s at u r a t i on , wh i ch has  
mor e o f  the charac t e r i s t i c s  of  a r e s e rvo i r  t h an o f  a r iv e r . I f  
l ar g e  supp l i e s  are  r emove d  from t h i s  g r oun d - w a t e r  r e s e rvo i r , i t  
l owe r s  t he wat e r  t ab l e , c aus ing wat e r  t o  f l ow s l ow l y  t o  t h e  ar e a  
from surround ing are as , p o s s i b l y  d amag ing the adj a c ent l an d . 

The purpo s e  o f  g roun d - wa t e r  l aw i s  to  p e rm i t  a l andown e r  t o  
remov e a r e a s on ab l e  amount o f  wat e r  f o r  a bene f i c i a l  u s e , bu t 
s t i l l  keep damag e s  t o  o ther s  at  a l ow l eve l . Re a s on ab l e  u s e g en ­
e r a l ly i s  c ons i d e r e d  t o  b e  on the ove r l y ing l an d , inc lud ing us e 
for  manu f ac tur ing , min ing and ag r i cu l ture . Unr e a s onab l e  u s e s  have 
b e en he l d  t o  inc lude was t e fu l  or  mal i c i ous e x t r ac t i on and t r an s ­
p o r t a t i on o f  w a t e r  away from the l and for us e e l s ewhe r e . 
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I daho , Kan s as , N evada , New Mex ic o , Okl ahoma , O r e g on , U t ah , 
Wa s h in g t on and Wyom ing app ly the p r inc ip l e  o f  app rop r i a t i on t o  
groun d wat e r  a s  we l l  a s  sur face wat e r  w i t h  b ene f i c i a l  u s e b e ing 
t he b a s i s  of the r ight rather than owner s h ip of the ove r l y ing l and . 
T he s e  l aws c ove r a l l  g round wat er in mo s t  o f  t he s e  s t a t e s  and only 
undergr ound s t r e ams , channe l s  and b a s ins with r e a s onab l y  d e t e r ­
minab l e  b oundar i e s  in o t he r s . G ener a l ly , the s t at e s  h av ing app r o ­
p r iat i on l aws c an deny p ermi t s  i f  the r e  i s  no unapprop r i a t e d  wat e r  
ava i l ab l e  and a l s o  may s p e c i fy min imum sp a c ing o f  we l l s . I n  a r e a s  
o f  ground - wa t e r  m in ing (pump ing exc e e d ing r e charg e )  s af e  y i e l d  
s ome t ime s i s  cons t rue d to  b e  the r a t e  that c an b e  maint a ined f o r  a 
suff i c i ent t ime t o  p e rm i t  amo rt i z at i on o f  inve s tment in l and and 
f ac i l i t i e s . 

I n  C o l orado , g r ound - wa t e r  t r ibu t ary t o  a s tr e am i s  subj e c t  to  
approp r i a t i on under the s ame l aws that a r e  app l i cab l e  to  the sur ­
face  wat e r  o f  the s t r e am .  

A t ab l e  o f  hyd r au l ic conve r s ion f a c t o r s  and abb r ev i a t ions  a r e  
attached as  T ab l e  2 5  . 

Acre-foot ( A F )  

TA B LE 25 

TA BLE OF HYD RAULIC 
CONVE RSION FACTO RS 

A N D  
A B B R EVIATI O N S  

43,560 cubic feet (cf) 

325,851 gallons ( gal) 

7,758 barrels (42 gal) 

1000 acre-feet per year ( MA F / Y )  1.37 cubic feet per second ( cfs) 

885,000 gallons per day (gpd) 

615 gallons per minute (gpm) 

21,071 barrels (42 gal )  per day 

Gallons per minute (gpm) 

9 0  

192.5 cubic feet per day 

1.63 acre feet per year 

34.29 barrel (42 gal )  per day 

1 ,440 gallons per day 



UPPER COLORADO REG I ON 
C OMPREHENS I VE FRAMEWORK S TUDY 

Gene r a l  P r o gram and Al t e rna t ive s (June 1 9 7 1 ) 

APPEND I X  F 

Th i s  rep o r t  o f  the Upp e r  Co l orado Re g i on S t a t e - F e d e r a l  Int e r ­
agency Gro up , p r ep a r e d  a t  f i e l d  l eve l , p re s en t s  a framewo rk p r o gr am 
fo r the deve l opment and mana gement o f  the wa t e r  and r e l a t e d  l and 
res ourc e s  of the Upp er Co l o r ado Re g i on .  Th i s  r ep o r t  is s ub j e c t  to 
rev i ew by fede r a l  a g enc i e s  a t  the dep a r tmen t a l  l eve l , by the  Govern ­
ors  o f  the s t a t e s  c onc e rned and by t he Wat e r  Re s our c e s  Counc i l  p r i o r  
to  i t s  t ransmi t t a l  t o  t h e  Congre s s  f o r  i t s  cons i de r a t i on . 

S t a te s ' Al t e rna t ive t o  t he Framework P l an 
6 . 5  Mi l l io n  Acr e - Fe e t  Leve l o f  Deve l opment 

For  c omp a r a t ive purp o s e s  and to  exp r e s s s t a tes ' de s i r e s , the  
s ta t e s  p rop o s e d  an a l t e rnat ive to  the framewo rk p l an a t  the  6 . 5  
MMAF l eve l o f  deve l opment . Da t a  on p r op o s ed wa t e r  u s e s  f o r  thi s 
a l ternat ive are  s hown in T ab l e  2 6 . 

I n  the framewo rk p l an , there i s  need  t o  s e rvi c e  a l ar g e  e le c ­
t r i c  p owe r ma rke t f r om p o tent i a l  fue l - burn ing  e l e c t r i c  p owe rp l ant s 
in the Upp e r  Co l o r ado Re g i on . Each o f  the s t a t e s  o f  Co l o rado , New 
Mex i c o , Utah and Wyoming ant i c ipat e d  that  a p a r t  o f  t he i r  c o a l  and 
wa t e r  r e s ourc e s  wi l l  be u s e d  fo r the p r o duc t i on o f  s uch ene r gy . 
Previ ous l y , the s ta t e s  had a g r e e d  t o  ma int a i n  p ro p o r t i on a t e  l eve l s  
o f  wa t e r  deve l opment very c l o s e  t o  t he i r  r e s p e c t ive  p e rcent a g e  
a l l o tment s i n  t he Upp e r  Co l o rado River Comp a c t . Wi thout up s e t t ing 
a mul t i tude of wa t e r  us e s  s e t  forth in the  fr amewo rk p l an ,  the  ap ­
proxima t e  s t a t e  p e r c ent a g e s  cou l d  be ma i n t a ined o n l y  by an a rb i t r ary 
as s i gnmen t  to each  s t a t e  o f  p o r t ions o f  the n e e d e d  t he rma l - e l e c t r i c  
powe r ins t al l at i ons a s  ne c e s s a ry t o  b r ing e a c h  s t a t e ' s  t o t a l  wa t e r  
us e s  to  amoun t s  app roxima t ing t h e  c omp ac t  p er c e n t a g e s .  Al t hough 
th i s  a s s i gnment dep i c t ed a reas onab l e  s a t i s fa c t i on , on a r e g i onwi d e  
ba s i s , o f  t he requ i r ement s fo r t h e  framewo rk p l an ,  t h e r e  we r e  
cer t a in f e a ture s o b j e c t i onab l e  t o  Co l o r ado and Ut a h . 

Chang e s  in u s e s  from t ho s e  conta ined in the  framewo rk p l an a r e  
de s cr i b e d  in t h e  fo l l owing narrat ive . Tab l e s  2 7  a n d  2 8  p r ov i de 
fur ther de t a i l s  on p rop o s e d  thermal - e l e c t r i c  and i rr i g a t e d  l and 
deve l opment . 

Ar i z ona r e t a ined i t s  exa c t  a l l o tment o f  5 0 MAF/Y in  the r ev i s e d  
year 2 0 2 0  d i s tr ibut i on wi th n o  change i n  typ e s  o f  u s e . 

Co l o rado var i e d  i t s  wat e r  dep l e t i ons f o r  fu l l  and s upp l ement a l  
i r r i g a t e d  l and b y  8 8  MAF l e s s in 1 9 8 0 , 1 4 5  MAF mo r e  in  2 0 0 0  and 3 1 . 5  
MAF mo r e  in 2 0 2 0 .  I r r i g a t e d  l and acreage  var i e d  by 1 8 , 0 0 0  l e s s  
ac r e s  in 1 9 8 0 , 8 0 , 0 0 0  mo re a c r e s  in 2 0 0 0  and 6 , 5 0 0  mo r e  a c r e s  in  
2 0 2 0 . 
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O i l s ha l e indus t ry in  the  G r e en and Upp er  Ma in S t em Sub r e g i on s  
to t a l l ing 1 MMB/ D c ap a c i ty ,  w i t h  a supp o r t  popu l a t i on o f  7 8 , 0 0 0  
dep l e t ing 9 7  MAF / Y , was added by the ye ar  2 0 2 0 . A c o a l  by - p r oduct s  
p l an t , us ing 1 5  MAF , and a p o t a s h  p l ant , c ap a c i ty 1 . 5  m i l l i on t o n s  
annua l ly , us ing 9 . 5 MAF / Y , are proj e c t ed . Exp o r t s  a r e  i nc r e a s e d  b y  
2 . 4  MAF and f i s h  a n d  w i l dl i fe b y  6 0 0  AF/ Y . 

I t  app ears  that  Co l o rado wou l d  dep l e t e  i t s  5 1 . 7 5 - p e rc ent a l l o t ­
men t  by t he year  2 0 0 0 . Therma l - e l e c t r i c  p ower ins t a l l ed c ap ac i ty 
i s  l e s s ened by 9 , 6 9 0  MW from t he framewo rk p l an , dep l e t ing 1 4 6 . 4  
MAF/Y l e s s . I n  add i t i on , 2 2 . 1  MAF o f  i rr i g a t i on wat e r  woul d  b e  
trans ferred be tween 2 0 0 1 and 2 0 2 0  t o  me e t  mun i c i p a l  and indu s t r i a l  
requ i r ement s .  

New Mex i c o , in o rd e r  t o  s t ay wi thin i t s  1 1 . 2 5 - p e r c en t  app o r ­
t i onmen t  o f  the 6 . 5 MMAF l e ve l  o f  deve lopment ,  chan g e d  i t s  u s e s  in ­
vo lving a n e t  d e c r e a s e o f  9 . 5 MAF/Y . A l ar g e  r e duc t i o n  ( 5 1 . 2  MAF ) 
resu l t ed from an a rb i t r a ry programme d  r educ t i on in i ns t a l l e d gen ­
e r a t ing c ap ac i ty .  However , mine ral p r o duc t i on wou l d  ma t e r i al l y  i n ­
crea s e , and an addi t i ona l mun i c ip a l  and indus t r i a l  us e o f  1 1 . 8  
MAF / Y  wa s p ro j e c t e d  owing t o  a popul a t ion inc r e a s e  o f  6 4 , 5 0 0 . 

Utah de s i r e d  t ha t  a much great e r  p o r t i o n  o f  i t s  p o t ent i a l  
the rma l - e l e c t r i c  p owe r p r o duc t i on b e  inc luded and p r o j e c t e d  an a d ­
d i t i o nal  1 1 , 7 0 0  MW t o  b e  ins t al l ed . Th i s  requi r e d  a s up p o r t  p op u ­
l a t i on o f  2 6 , 0 0 0  p e op l e .  Ut ah a l s o  added a n  o i l  s ha l e  indus t ry 
wi th a capac i ty o f  5 0 0  MB/ D ,  w i t h  a s upp o r t  popul a t i on o f  3 9 , 0 0 0  
p e op l e . In  o rder  t o  s t ay wi thin i t s  2 3 - p er c en t  a l l o tment , Ut ah 
revi s ed downward i t s  i rr i ga t i on acreage  ( - 1 0 , 5 0 0  a c re s )  and l i ke ­
wi s e  revi s e d  downward ( - 2 0 0 , 0 0 0  acre - fe e t  annu a l l y )  i t s  exp o rt t o  
the Bonnev i l l e  Bas i n . 

Wyoming a l s o  sugge s t e d  no change s  in i t s  typ e o f  us e s  but r e ­
v i s e d  i t s  i r r i g at i on dep l e t ions  downward 9 0 0  AF/ Y  t o  s t ay exac t ly 
wi thin i t s  1 4 - p e r c ent a l l o tmen t . 

S t a te s ' Al t e rn a t ive a t  the 8 . 1 6 Mi l l i on Ac r e - Fe e t  Leve l o f  Deve l o p ­
men t 

Thi s i s  an a l t e rnat e p l an o f  deve l opment wh i ch r e f l e c t s  8 . 1 6 
MMAF o f  man - made dep l e t i ons  in the Upp e r  Bas in . I t  inc lud e s  t he 
amoun t s  o f  wat e r  evap or a t e d  from Main S t em re s e rvo i r s . Thi s p l an 
a s s ume s the Co l o rado Riv er  wa t e r  supp ly wou l d  b e  f i rmed t o  m e e t  the  
divi s io n  of  wat e r  by the Co l o rado River Compa c t . Prop o s e d  dep l e t i on 
d i s t r ibut i on among the  s t a t e s  in 2 0 2 0  equa l s  the i r  p e r c en t a g e  s ha r e s  
unde r t h e  Upp e r  Co l o rado River Compa c t . 

Deve l opmen t  o f  s ome r e s our c e s  wou l d  no t b e  l im i t e d  by p re s en t  
wa t e r  ava i l ab i l i ty .  The s t at e s  have as sumed that  a marke t for  the 
inc r e a s e d  p r o duc t i on as s o c i a t e d  wi th thi s l ev e l  of  deve l o pmen t wou l d  
r e ad i ly b e  ab s o rb e d  wi t h i n  nat i o na l  and inc r e a s ing we s t e rn marke t s . 
Thi s i s  e s p e c i a l l y  t rue s in c e  the adde d  inc rement i s  a sma l l p a r t  
o f  the nat i onal  marke t and would  acc o r d ingly have a sma l l  i mp ac t . 
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Ar i z ona r e t a ined i t s  a l l o tment o f  5 0  MAF f o r  2 0 2 0  w i t h  no 
chan g e s  in  t yp e s  of u s e s  p r ev i ous l y  de s c r ib e d  fo r the framewo rk 
p l an . 

Co l o rado p lans t o  i r r i g a t e  1 , 2 5 6 , 3 0 0  a c r e s  i n  2 0 2 0 , whi c h  i s  
1 0 4 , 4 0 0  a c r e s  mo r e  t han the fr amewo rk p l an ,  wi th a dep l e t i o n  o f  
1 , 9 4 1 , 5 0 0  acre - f e e t . O i l  s ha l e  c omp l e x e s , i n  the  Upp e r  Ma i n  S t em 
and in the Green Rive r , each hav ing a cap ac i ty o f  1 MMB/ D , wou l d  
dep l e t e  1 9 4  MAF / Y  by 2 0 2 0 . A c o a l  by - p roduc t s  p l ant , u s i n g  1 5  MAF 
in the San Juan - Co l o rado ar e a , and a p o t a s h  p l an t , wi th a c ap a c i ty 
o f  1 . 5  mi l l i o n  tons annua l ly ,  us ing 9 . 5 MAF , a r e  p ro j e c t e d . F i s h  
and w i l d l i fe us e s  wou l d  t o t a l  7 1 . 4  AF , a s ub s t an t i a l i nc re a s e over 
the  fr amewo rk p l an .  The rma l - e l e c t r i c  p owe r capac i ty of  app r o x imat e ­
ly 1 0 , 0 0 0  MW wou l d  dep l e t e  1 5 3 . 2 MAF / Y . Exp o r t  wou l d  inc r e a s e  t o  
1 . 3 6 MMAF / Y . Th i s  p l an wou l d  me e t  r e g iona l l y  i nt e rp r e t e d  OBERS 
requ i r emen t s  fo r a l l s e c t o r s  excep t  p owe r , wh i c h  wou l d  be me t by 
Ut ah . * 

New Mex i c o  p l ans no change s  i n  a g r icul ture , f i s h  and w i l d l i fe , 
o r  r e c r e a t ion from the framewo rk p l an .  Popul a t i on by 2 0 2 0  i s  e s t i ­
mat e d  a t  1 8 9 , 5 0 0  and the mine r a l s i ndu s t ry i s  p r o j e c t ed t o  inc r e a s e  
as  a r e s u l t o f  ava i l ab l e  r e s e rves  and nat i ona l n e e d s . The rma l ­
e l e c t r i c  p owe rp l ant ins t a l l e d cap ac i ty wou l d  b e  5 , 6 2 3  MW .  Exp o r t  
to  the Rio  Grande Bas i n  v i a  the San Juan - Chama Pro j e c t  wou l d  b e  in ­
cre a s e d  1 2 5  MAF fo r a to t a l  exp o r t  o f  2 4 3  MAF . 

Ut ah woul d inc r e a s e  i t s  u s e  by i r r i g a t e d  c rop s 1 0 . 7  MAF over 
the  framewo rk p l an and i r r i g a t e  about 4 0 1 , 2 0 0  a c r e s by 2 0 2 0 .  The r e  
a r e  no chang e s  i n  f i s h  and w i l d l i fe ,  r e c r e a t i on , o r  s t o c kp ond evap ­
orat i on and l iv e s t o c k  us e . Exp o r t  t o  the G r e a t  Ba s i n by 2 0 2 0  wou l d  
inc r e a s e t o  4 4 7  MAF , wh i ch i s  2 0  MAF l e s s . Maj o r  chang e s  a r e  in 
inc r e a s e d  t he rma l - e l e c t r i c  p owe r t o  1 9 , 5 0 0  MW i n s t a l l e d c ap ac i ty 
and inc r e a s e d  m i n e r a l  ac t i vi ty , inc luding mining  c o a l  fo r p owe r ­
p lant s , a mi l l ion barre l - p e r - day s ha l e  output , p r o c e s s i n g  o i l ­
imp r e gn a t e d  s ands tone and conve r_s ion o f  c o a l . 

Wyoming ' s  deve l opment i nc lud e s  a s ub s t ant i a l  i nc r e a s e  in  the 
minera l i ndus t ry , inc luding a mi l l ion  b a r r e l - p e r - day s ha l e  o i l  
p roduc t io n , dep l e t i ng 9 7  MAF o f  wat e r ,  and c onve r s i on o f  c o a l . 
Trona p l ant  capac i ty wou l d  cont inue t o  inc r e as e . Popu l a t i on wou l d  
increas e t o  1 4 8 , 0 0 0  b y  the year  2 0 2 0 . The a g r i cu l tura l b a s e  o f  
i rr i ga t e d  l and woul d inc r eas e t o  5 1 3 , 0 0 0  a c r e s b y  y e a r  2 0 2 0 . 
The rma l - e l e c t r i c  p owe r ins t a l l e d cap ac i ty i s  e s t ima t e d  a t  a l mo s t  
1 0 , 0 0 0  MW . Tran s b a s in d ivers i on s  t o  the No rth  P l a t t e  Rive r a r e  
e s t imat e d  a t  1 5 3 MAF whi ch i s  a 3 2  MAF r e duc t i on . 

Tab l e  2 9  enume rate s wa t e r  u s e s  for thi s a l t e rn a t ive and 
Tab l e s  3 0  and 3 1  s umma r i z e  pro j e c te d  therma l - e l e c t r i c  and i r r i g a ­
t i on deve l opmen t s . 

* OBERS requ i r emen t s  are  s e t  and i s sued  p e r i od i c a l l y  by t he 
Off i c e  o f" Bu s ine s s  E c onomi c s , Dep a rtment o f  Comme r c e , and the  
Ec onom i c  Re s e arch S e rv i c e , Dep ar tmen t of  Ag r i cu l tur e . 
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TABLE 26 

WATER USE FOR THE STATES ' ALTERNATIVE TO THE FRAMEWORK PLAN 
( 6 .  5 MAF LEVEL OF DEVELOPMENT ) TO 1980 , 2000 , AND 2020 , UPPER COLORADO REGION 

On-site de letiona acre-feet per year 
New Green Upper San Juan-� of use Arizona Colorado Mexico Utah �i!!S Region River Main Stem Colorado 

12§2 
Mur.icipal and industrial 2,900 22, 100 7, 200 10, 100 4 , 300 46,600 12 , 200 16,200 18, 200 

�lectric power ( thermal ) 34 , 100 10 , 700 90 , 000 125 ,400 . 33 , 200 293 ,400 56, 700 1 , 600 235 , 100 

Minerals 400 19, 500 11 ,600 10, 300 19 , 000 61,000 31 , 500 13 , 700 15,600 

Fish and. wildlife 1 , 200 38 , 600 6,8oo 22 , 200 18 , 600 87,600 49, 400 7 , 900 30, 500 

Recreation 100 700 100 1 , 000 200 2, 100 Boo 700 600 

Stock-pond evaporation ard 
livestock use 1 400 25 000 2,900 7 , 300 4 Boo 41 4oo 15 300 13 700 12 400 

Subtotal 40, 100 116 ,600 118,600 176,300 80,300 532, 300 165, 900 53,600 312, 600 

Irrigation : consumptive 
use , incidental use , an1 
reservoir evaporation 7,000 1 , 391 , 100 245 , 000 576,600 334, 000 2, 553 , 700 935,400 1 , 007 ,800 610, 500 

Export 663 ,400 117, 500 190,000 65,000 1 , 035 ,900 255, 000 660,900 120,000 

less import ( - )2 600 ( - )2 600 ( - )2 600 

Subtotal of all above 47, 100 2 , 171 , 300 481 ,300 940,300 479 . 300 4 , 119 ,300 1 , 356,300 1 , 722, 500 1 , o40, 500 

Main-stem reservoir 
evaporation 660 000 67 000 17 000 576 000 

Total for 198o 4 ,  779 ,300 1,423 ,300 1 , 739, 500 1 , 616, 500 

� 
Municipal and industrial 4 , 8oo 48,300 13 , 600 16,Boo 5 ,900 89,400 19, 100 38,900 31,400 

Electric power ( thennal ) 34, 100 1o8,200 90, 000 261,600 148, 700 642,600 331 , 100 16, 600 295 , 100 

Minerals 300 128,300 17,400 10, 300 22, 100 178,400 32, 900 109 ,200 36, 300 

Fish and vild.life 1 , 200 39 , 400 6,8oo 22,200 18,600 88,400 49, 500 8,400 30, 500 

Recreation 300 1 , 100 100 1,600 200 3 , 300 1, 4oo 900 1 , 000 

Stock-pond evaporation and 
livestock use 1 700 30 500 3, 300 9 ,000 5 Boo 50. 300 18 200 17 100 15 000 

Subtotal 42 , 400 355,600 131,200 321,700 201 , 500 1, 052,600 452 , 200 191,100 409, 300 

Irrigation: conaumpti ve 
use , incidental uae , and 
reservoir evaporation 7,600 1 , 778,200 329,000 660,600 4o?, OOO 3 , 182, 400 1 , 197, 500 1 , 184 , 500 600 ,400 

Export 885 , 400 117, 500 267,000 150, 000 1 ,419,900 417, 000 882,900 120, 000 

less import ( -)2,600 ( - )2 600 ( - )2 600 

Subtotal of all above 50, 000 3 , 019,400 577,700 1 , 246, 700 758 , 500 5, 652, 300 2 , o66 , 700 2, 258, 500 1 , 327,100 

Main-stem reservoir 
evaporation 660 000 67,000 17 000 576 000 

Total for 2000 6, 312, 300 2, 133 , 700 2 , 275, 500 1,903 , 100 

� 
Munici})(f.l and industrial 7,200 70, 000 29 , 100 32, 100 9,200 147,600 35,600 54, 400 57,600 

Electric power (thermal ) 30,"100 1o8,200 55,600 261,600 148,700 604, 400 331, 100 16,600 256 , 700 

Minerals 300 124 , 500 32, 500 52,900 21, 500 231,700 67,900 ll3 , 300 50, 500 

Fish and wildlife 1 , 200 39 ,400 6,8oo 22,200 18,600 88,400 49, 500 8,400 30, 500 

Recreation 400 1 ,600 200 2,600 400 5 , 200 2 ,200 1 , 300 1 , 700 

Stock-pond evaporation ani 
livestock uae 1 Boo 35 Boo 4 000 10 700 6 700 59,000 21 200 20 600 17 200 

Subtotal 41,000 379 , 500 128,200 382,300 205 , 300 1 , 136, 300 507 , 500 214 , 600 414, 200 

Irrigation: consumptive 
use , incidental uoe, and 
reservoir evapora'tion 9 , 000 1 ,  754, 500 411,000 695 , 200 427,100 .  3 , 296,600 1 , 253 ,300 1 , 166 , 500 877, 000 

Export 885,400 117' 500 267,000 185 , 000 1 , 454, 900 452 , 000 882,900 120,000 

less import ( - )2 600 ( - )2 600 (-)2 600 

Subtotal of all above 50,000 3 , 019, 400 656,700 1 , 341,900 817, 400 5,885 , 400 2 , 212,800 2 , 264 ,000 1 , 4o8,600 

Main-stem reservoir 
evaporation 660 000 67 .000 17 000 576 

'!.'otal for 2020 6, 545 , 4oo 2 , 279,600 2 , 281 ,000 1,984 
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TABLE 27 

PROJECTED INSTALLED CAPACITY AND WATER DEPLETIONS FOR 
THERMAL-ELECTRI C POWER GENERATION FOR THE STATES ' ALTERNATIVE TO 

THE FRAMEWORK PLAN ( 6 .  5 MAF LEVEL OF DEVELOPMENT ) UPPER COLORADO REGION 

Insta lled caEa c itl and c on sumEt ive use 
1280 2000 2020 

1, 000 1, 000 1, 000 
Subre gi on Me ga- acre - Mega - acre- Me ga- acre-
and stat e watt s  feet watt s  feet watt s  feet 

Green River 
Co lorado 663 9 . 1  4 , 663 69 . 1  4 , 663 69 . 1  
Utah 959 14 . 4  7, 5 59 113 . 3  7 , 5 59 113 . 3  
Wyoming 2 , 2 13 33 . 2  2· 213 148 . 7  2 · 213 148 . 7  

Subre gion t ot a l  3 , 835 5 6 . 7  22 , 135 33 1 . 1 22, 135 331 . 1 

Upper Main Stem 
C o lorado 123 1 . 6  12 123 16 . 6 1 2 123 16 . 6 

Subregi on t ota l 123 1 . 6  1 , 123 16. 6 1, 123 16 . 6 

San Juan-Colorado 
Ari z ona 2 , 3 10 34 . 1  2 , 310 34 . 1  2 , 3 10 30 . 1 
Colorado 0 0 1, 500 22 . 5 1 , 5 00 22 . 5 
New Mexi c o  5 , 623 90 . 0  5 , 623 90 . 0  5 , 623 5 5 . 6  
Utah 7 2 400 111 . 0  2z 200 148 . 5 2z 200 148 . 2 

Subre gion t otal 15 , 333 235 . 1  19, 333 295 . 1  19, 333  256 . 7  

Ari z ona 2 , 310 34 . 1  2 , 3 10 34 . 1  2 , 3 10 3 0 . 1 
C olorado 786 10 . 7 7, 286 108 . 2  7, 286 108 . 2  
New Mexi co 5 , 623 90 . 0 5 , 623 90 . 0  5 , 623 5 5 . 6  
Utah 8, 359 125 . 4  17, 459 261 . 8  17, 459 2 61 . 8  
Wyoming 2 2 21� 33 . 2 2 z 2l3 l48 . :z: 2 z 213 148 . :z:  

Region tota l 19, 291 293 . 4  42 , 591 642 . 8  42 , 591 604 . 4  

9 5  
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TABLE 28 

PROJECTED ON-SITE WATER DEPLETIONS BY IRRI GATED LAND ( NEW AND SUPPLEMENTAL ) ,  
INCIDENTAL USE , AND IRRIGATION RESERVOIR EVAPORATION FOR THE 

STATES ' ALTERNATIVE TO THE FRAMEWORK PLAN ( 6 .  5 MAF LEVEL OF DEVELOPMENT ) 
UPPER COLORADO REGION 

Hydrologi c 
subregi on 
and state 

Green River 
Colorado 
Utah 
Wyoming 

Subt ota l 

Upper Main Stem 
Colorado 
Utah 

Subtota l 

San Juan-C olorado 
Arizona 
C olorado 
New Mexi c o  
Utah 

Subt otal 

Regi on 
Arizona 
Colorado 
New Mexi c o  
Utah 
Wyoming 

Tota l 

1980 
Irrigated land 

( 1, 000 acre s ) 
Supple -

Total mental!/ 

2000 2020 
Water Irrigated land Water Irrigated land Water 

deplet i ons ( 1 , 000 acre s ) deplet i ons ( 1 , 000 acre s ) deplet i on s  
( 1, 000 Supp le - ( 1, 000 Supp le - ( 1, 000 

acre - feet L_ Total �ntalY acre - feet ) Tota l mentalY _ a_c:!_re=-feet ) 

129 . 3  6 . 1 124 . 8  192 . 2  17 . 1  257 . 9  193 . 2  17 . 1  258 . 6  
286 . 8 3 1 . 0  476 . 6 295 . 7  102 . 6  532 . 6  314 . 8  102 . 6  567 . 6 
�41 .� 5�. 0  334 . 0  ��9 ·� � . 0  407 . 0  392 . 5  95 . 0  427 . 1 
757 .  9 . 1  935 . 4 7 .  2 . 7  1 , 197 . 5  900 . 5  214 . 7 1, 253 . 3  

646 . 4  25 . 7  991 . 1  727 . 2  99 · 3  1 , 167 . 3  718 . 2  99 . 3  1, 149 . 3  
9 . 6  2 . 0  16 . 7 9 . 7  2 . 0  17 . 2  9 . 7  2 . 0  17 . 2  

656. o 27 .-7- --r;oo1:a ---736.9- - 101 . 3  -- 1, 184 . 5  - -- 727 . 9  101 . 3  1, 166. 5 

10 . 0  0 7 . 0  9 . 4  1 . 0  7 . 6  9 . 4  2 . 0  9 . 0  
209 . 7 28 . 7  275 . 2  248 . 0  53 . 8  353 . 0 247 . 0  53 . 8  346 . 6 
lo4 . 2  5 . 5  245 . 0  17� . 2 5 . 5  411 . 0 174 . 2  5 . 5  411 . 0  

54 . 4  0 83 .3 65 . 7 _ J . O  _].1Q_.f3 _ 59 . 1  14 . 6  110 . 4  
378 . 3 34 . 2  610 . 5  497 . 3  07.3 882 . 4  489 . 7  75 . 9  877 . 0  

10. 0 o 7 . 0  9 . 4  1 . 0  7 . 6  9 . 4  2 . 0  9 . 0 
985 . 4  60 . 5  1, 391 . 1 1, 167 . 4  170 . 2  1, 778 . 2  1, 158 . 4  170 . 2  1, 754 . 5  
lo4 . 2  5 . 5  245 . 0  174 . 2 5 · 5  411 . 0 174 . 2  5 . 5  411 . 0  
350 . 8 33 . 0  576 . 6  371 . 1  111 . 6  660 . 6  383 . 6 119 . 2  695 . 2 
341 . 5  59 . 0 334 . 0  379 · 5 85 . 0  407 . 0  392 . 5 95 . 0  427 . 1 

1 ,  791 . 9 158 . 0  2 , 553 . 7 2 , 101 . 6  373 . 3  3 , 264 . 8 2 , 118 . 1  391 . 9  3 , 296 . 8  

]J Supplementa l  acreage inc luded in tota l .  



TABLE 29 

WATER USE FOR THE STATES ' ALTERNATIVE AT THE 8 . 16 MAF LEVEL OF DEVELOPMENT , 
1980 , 2000 , AND 2020 ,  UPPER COLORADO REGION 

On-site de l e tions 
New 

Tvoe of use Arizona Colorado Mexico Utah Wvomine; 

- - .!2!!1. - -

Municipal and industrial 2 , 900 2 2 , 100 7 , 200 1 0 , 100 5 , 500 

Electric power ( thermal) 3 4 , 100 1 0 , 700 9 0 , 000 1 2 5 , 400 2 2 , 000 

Minerals 400 1 9 , 500 1 9 , 800 1 0 , 300 2 3 , 900 

Fish and wi ldlife 1 , 200 3 8 , 800 6 , 800 22 , 200 20, 100 

Recreation 100 700 100 1 , 000 200 

Stockpond evaporation and 
l ivestock use I 400 25 000 2 900 7 300 4 BOO 

Sub total 40, 100 1 1 6 , 800 1 26 , 800 1 7 6 , 300 7 6 , 500 

Irrigation: consumptive 
use , incidental and 
reservoir evaporation 7 , 000 1 , 3 9 1 , 100 24 5 , 000 576 , 600 4 3 1 , 500 

Export 663 , 400 1 1 7 , 500 1 90 , 000 6 5 , 000 

Less import - \ 2  600 

Subtotal of all above 4 7 , 100 2 , 1 7 1 , 300 489 , 300 940 , 300 573 , 000 

Ma in-s tem reservoir 
evaporation 

Total for 1980 

- - 12Q.Q. - -

Municipal and indus trial 4 , 800 50 , 000 1 3 , 600 20, 200 7 , 300 

E lectric power ( thermal) 3 4 , 100 1 53 , 200 9 0 , 000 29 1 , 800 3 7 , 000 

Minerals 300 1 28 , 300 38 , 800 1 0 , 700 47 , 100 

Fish and wildlife 1 , 200 3 9 , 400 6 , 800 2 2 , 200 20 , 100 

Recreation 300 1 , 100 100 1 , 600 200 

Stockpond evaporation and 
l ivestock use 1 700 30 500 3 300 9 000 5 800 

Subtotal 4 2 , 400 402 , 500 1 5 2 , 600 3 5 5 , 500 1 1 7 , 500 

Irrigation: consumptive 
use , incidental and 
reservoir evaporation 7 , 600 1 , 7 9 2 , 500 4 l l , OOO 660, 600 534, 500 

Export 9 2 5 , 400 243 , 000 437 , 000 1 2 5 , 000 

Less import ( - ) 2  600 

Subtotal of all above 50, 000 3 , 1 20 , 400 806 , 600 1 , 450 , 500 7 7 7 , 000 

Main-s tem reservoir 
evaporation 

Total for 2000 

- - 2020 - -

Municipal and industrial 7 , 200 8 4 , 100 2 9 , 100 4 2 , 500 2 8 , 900 

Electric power ( thermal) 30 , 100 1 53 , 200 90 ,000 2 9 1 ,800 148 , 7 00 

Minerals 300 207 , 500 54 , 000 1 6 5 , 600 1 2 2 , 700 

Fish and wildlife 1 , 200 7 1 , 400 6 , 800 2 2 , 200 20 , 100 

Recrea tion 400 1 , 600 200 2 , 600 400 

Stockpond evaporation and 
l ives tock use 1 800 3 5  800 4 000 10 700 6 700 

Sub total 4 1 , 000 553 , 600 184, 100 535 , 400 327 , 500 

Irrigation: consump t ive 
use, incidental and 
reservoir evaporation 9 , 000 1 , 941 , 500 4 1 1 ,000 733 , 700 5 6 2 , 500 

Export 1 , 360 , 300 243 , 000 447 , 000 1 5 3 , 000 

Less import -\ 2 600 

Sub total of all above 50 , 000 3 , 8 5 5 , 400 8 3 8 , 100 1 , 7 1 3 , 500 1 , 04 3 , 000 

Main-s tem reservoir 
evaporation 

Total for 2020 

9 7 

acre-feet er ear 
Green 

Redan River 

47 , 800 1 3 , 400 

2 8 2 , 200 4 5 , 500 

7 3 , 900 36 , 400 

8 9 , 100 5 0 , 700 

2 , 100 800 

4 1  400 15 300 

536 , 500 1 6 2 , 100 

2 , 6 5 1 , 200 1 , 03 2 , 900 

1 , 03 5 , 900 2 55 , 000 

( - \ 2  600 

4 , 2 2 1 , 000 1 , 450 , 000 

660 000 67 000 

4 , 8 8 1 , 000 1 , 5 1 7 , 000 

9 5 , 900 2 9 , 500 

606 , 100 234 , 400 

2 2 5 , 200 9 9 , 600 

8 9 , 700 50 , 800 

3 , 300 1 , 400 

50 300 1 8  200 

1 ,070 , 500 433 , 900 

3 , 406 , 200 1 , 3 25 , 000 

1 ' 7 30 ,400 6 0 2 , 000 

- \ 2  600 

6 , 204 , 500 2 , 36 0 , 900 

660 000 67 000 

6 , 86 4 , 500 2 , 4 27 , 900 

1 9 1 , 800 7 8 , 300 

7 1 3 ,800 346 , 100 

5 50 , 100 3 6 4 , 600 

1 2 1 , 700 5 0 , 800 

5 , 200 2 , 200 

59 000 2 1  200 

1 , 641 , 600 863 , 2 00 

3 , 6 5 7 , 700 1 , 4 7 0 , 100 

2 , 20 3 , 300 640 , 000 

( - \ 2  600 

7 , 500 , 000 2 , 9 73 , 300 

660 DOD 6 7  000 

8 , 160 , 000 3 , 040 , 300 

Upper 
Ma i n  Stem 

1 6 , 200 

1 , 600 

1 3 , 700 

7 , 900 

700 

1 3  700 

53 , 800 

1 , 007 , 800 

660 , 900 

1 , 7 2 2 , 500 

17 000 

1 , 7 3 9 , 500 

3 1 , 900 

6 1 , 600 

6 7 , 700 

8 , 400 

900 

1 7  100 

187 , 600 

1 , 198 , 800 

8 8 2 , 900 

2 , 26 9 , 300 

17 000 

2 , 28 6 , 300 

5 4 , 400 

6 1 , 600 

1 1 3 , 300 

40 , 400 

1 , 300 

20 600 

2 9 1 , 600 

1 , 26 2 , 600 

1 , 30 5 , 800 

2 , 86 0 ;000 

1 7  000 

2 , 8 7 7 ,000 

San Juan-
Colorado 

1 8 , 200 

2 3 5 , 100 

2 3 , 800 

30 , 500 

600 

12 400 

320 , 600 

6 1 0 , 500 

1 2 0 , 000 

( - \ 2 600 

1 , 04 8 , 500 

576 000 

1 , 6 2 4 , 500 

3 4 , 500 

3 1 0 , 100 

57 , 900 

3 0 , 500 

1 , 000 

1 5  000 

449 , 000 

8 8 2 , 400 

245 , 500 

1 - ) 2  600 

1 , 57 4 , 300 

576 000 

2 , 1 5 0 , 300 

5 9 , 100 

306 , 100 

7 2 , 200 

3 0 , 500 

1 , 700 

1 7  200 

486 , 800 

9 2 5 , 000 

257 . sao 

- 2 600 

1 , 666 , 700 

5 7 6  000 

2 , 24 2 , 700 



TABLE 30 

PROJECTED INSTALLED CAPACITY AND WATER DEPLETIONS FOR THERMAL-ELECTRIC 
POWER GENERATION FOR STATES ' ALTERNATIVE AT THE 8 . 16 MAF LEVEL OF DEVELOPMENT , 

UPPER COLORADO REGION 
Installed ca�c it� and c onsumEt ive use 

1280 2000 2020 
1, 000 1, 000 1, 000 

Subregion Mega- acre - Mega - acre- Mega - a cre -
and state watts feet watt s  feet watt s feet 

Green River 
C o lorad o 663 9 . 1 4, 663 69 . 1  4 , 663 69 . 1  
Utah 959 14 . 4  8, 559  128 . 3 8 , 5 59 128 . 3  
Wy oming 1 , 463 22 . 0  2 , 463 37 . 0 2, 213 148 . 7  

Subre gi on t ota l 3 , 085 45 . 5  15 , 685 234 . 4  23 , 135 346 . 1 

Upper Main Stem 
C olorad o 123 1 . 6 4 2 123 61 . 6  4 2 123 61 . 6  

Subregi on t otal 123 1 . 6  4, 123 61 . 6  4 , 123 61 . 6  

San Juan-Co lorado 
Ar i z ona 2 , 3 10 34 . 1  2 , 3 10 34 . 1  2 , 3 10 30 . 1 
C olorado 0 0 1, 500 22 . 5  1 , 500 22 . 5  
New Mexi c o  5 , 623 90 . 0  5 , 623 90 . 0  5 ,  623 90 . 0  
Utah 7 2 400 111 . 0  102 200 163 . 5  10 2 200 163 . 2 

Subregion t ota l 15 , 333 235 . 1  20, 333 3 10 . 1 20, 333 3 06 . 1 

Ari z ona 2 , 310 34 . 1  2 , 3 10 34 . 1  2 , 3 10 30 . 1 
C o lorado 786 10 . 7  10, 286 153 . 2  10, 286 15 3 . 2  
New Mexi c o  5 , 623 90 . 0  5 ,  623 90 . 0 5 , 623 90 . 0  
Utah 8, 359 125 . 4  19, 459 291 . 8  19, 459 291 . 8  
Wyoming 1 2 463 22 . 0  2 2 463 31 . 0  

· 22 213 148 . :r  

Re gion t otal 18, 541 282 . 2  40, 141 606 . 1 47, 591 713 . 8  

9 8  



TABLE 31 

PROJECTED IRRIGATED ACREAGE FOR STATES 1 ALTERNATIVE AT THE 8 . 16 MAF 
LEVEL OF DEVELOPMENT ,_ UPPER COLORADO . REGION 

Hydrologic Irri gat ed land 
Subr eg ion ( 1 2 000 acr e s L 
and Stat e 1980 2000 2020 

Green River 
C olorado 129 . 3  192 . 2 217 . 4 
Utah 286. 8  29 5 · 7 3 12 . 9 
Wyoming 421 . 3  494 . 8  513 . 3  

Subt otal 83 7. 4 982 . 7 l z043 . b 
Upper Main St em 

C olorado 646 . 4  727 . 2 771 . 8  
Utah 9· 6  9 · '1. 8 . 0  

Subt otal 656. 0 73 6 . 9  779 . 8 
San Juan- Colorado 

Ar i zona 10 . 0  9 . 4 9 . 4 
C olorado 209 . 7 255 . 0  267 . 1 
New Mexi co 104 . 2  174 . 2  174 . 2 
Utah 54 . 4  65 . 7 80 - 3  

Subtotal 378. 3 504 . 3  531 . 0  
Region 

Ar i z ona 10 . 0  9 . 4 9 . 4 
Colorado 985 . 4  1 , 174 . 4 1 , 256. 3  
New Mexic o  104 . 2  174 . 2  174 . 2 
Utah 3 50 . 8 3 71 . 1  401 . 2 
Wyoming 421 . 3  494 . 8 513 . 3  

Total l z 87L 7 2 , 223 . 9  2 , 354 , 4  

99 



ORDER FO RM 

Director of I nformation 

National Petroleum Council 
1 625 K Street, N. W. 

Washington, D. C. 20006 

Dau ____________________ ___ 

Enclosed is a check in the amount of $, _____ as payment for copies of U.S. Energy Outlook reports indicaud below. 

QUANTITY TITLE UNIT PR I C E  WfAL PRICE 

U. S. Energy Outlook-

A Summary Report of the $ 6.50 
National Petroleum Council ( 1 34 pp.) 

U. S.  Energy Outlook-

A Report of the NPC Committee 1 5.00 
on U.S. Energy Outlook 

Soft Back (381  pp.) 

Hard Back (381  pp.) 1 7 .50 

Guide to NPC Report on 

U. S. Energy Outlook- 1 .50 
Presentation made to the 
National Petroleum Council (40 pp. ) 

NPC Recommendations for a Single Copies 
National Energy Policy Free 

I am inurested in the following fuel task group reports containing methodology, data, i l lustrations and compuur program 
descriptions. 

Price 
Quantity 

Price 
Qu antity 

Desired Desired 

Energy Demand $1 5.00 N uclear Energy Avai labi l ity $1 0.00 ( I ncludes Oil Demand ) 

Oi l  & Gas (Oi l  & Gas Su pply; 
Foreign Oil & Gas Avai labi l ity)  25.00 Oi l  Shale Avai labi l ity 8.00 

Coal Avai labi l ity 1 8.00 F uels for E lectricity 6.00 

Gas Demand 5.00 Water Avai labi l ity 7.00 

Gas Transportation 1 2.00 New Energy Forms 1 5.00 

MAI L R EPORTS TO : 

Name ______________________________________ __ 

Ti�e _____________________________________ _ 

Company ______________________________ _ 

Addre•--------------------------------

City & Stau, ______________ Zip Code ____ _ 




